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MR. FLAAK: I would like to welcone

everybody to today’ s neeting. I am Bob Fl aak. I am the
Designated Federal Oficer for the Cean Ar Scientific
Advi sory Conmittee. Those of you that have worked in this
arena for a while certainly have probably seen nme doing this
once or tw ce before.

| have a couple of announcenents to make before we
get started, and let nme go over those briefly. There are
materials outside the room at the sign-in table outside.
Pl ease nmake sure that you pick up a copy of the agenda if you
haven't done so already. W have a fairly busy schedule.
Most of today is devoted to presentations by various
i ndi viduals, both invited presentations which will take quite
place principally this nmorning and into the early part of
this afternoon, followed by public conments that wll take
pl ace begi nning around the mddle of the afternoon until the
end of today.

For rest roons, they are |located outside these
doors on ny right side, on many of your left sides. On the
other side is a large staircase that cones down, and next to

the cafeteria, past the phone banks, are the rest roons.
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If you conme in and out of the room during the
course of the neeting, | ask that you use the doors on the
sides and not the ones up here in the front.

Dr. Frank Speizer, a nenber of CASAC, is not wth
us today. He is out of town. However, he has joined us on
the tel ephone, and he will be with us through this norning
session and, Frank, | believe through tonorrow norning’

session as wel | ?
DR. SPEl ZER: Yes.

MR. FLAAK:  Ckay, good. Thank you. Can
you hear ne okay?

DR SPElI ZER:  Yes.

MR. FLAAK: Great, thank you.
| would just |like to nake a couple of announcenents
regarding the panel. There is information on the side table,
| believe, or outside on the introductory information on the
panel menbers. W will not go through an oral disclosure at
this nmeeting, since we have the witten material s.
| mght point out that, wunder the conflict of
interest rules of the Federal Governnent, as the Designated
Federal Officer for this conmttee, | have evaluated the
confidential financial fornms of all of the nenbers of this
panel and have determined that there are no conflicts of
interest that exist. Where appropriate waivers have been
granted, in some cases, where potential conflict mght be

identified on individual holdings, those do not pose a
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probl em and we have eval uated those in consultation with our
attorneys at EPA, and we have deternmined no conflicts do
exi st.

Do any nmenbers of the panel have any questions this
norni ng before | turn it over to Phil to get started?

(No response.)
MR. FLAAK: Okay. Les, you have all your
peopl e here?
DR GRANT: Mm hnm (i ndicating
affirmatively).
MR. FLAAK: Ckay.

DR. HOPKE: This is the next in the
reviews of the Criteria Docunent for Airborne Particulate
Matter. We began this with a very prelimnary draft a while
back and then, |ast year, about this tinme, |ooked at a nore
detailed draft, provided significant comrents back to the
Agency on them In the neantine, there has also been
significant anmpounts of additional information, and this was
conpiled into the April draft version that you have seen.

As a result of sone other discoveries that have
occurred, then, this spring, a nunber of issues have arisen
with regards to sone of the statistical analyses used to try
and identify the relationship between exposure and effects of
ai rborne particulate matter, and this has, then, led to us
needing to take a couple of steps backwards and carefully

review these issues, see what they inply with regards to the
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statistical evidence for relationships between exposure to
particulate matter and adverse health effects and to then
| ook at how we will then nove to finalize this document to
the point where we could close on it and nove on in the
process.

So, our primary purpose for today’ s session and the
beginning of tonmorrow norning is to carefully review the
i ssues that have arisen and provide advice back to the Agency
as to what sensi bl e approaches could be taken to try and cone
to a best understanding of where we are with regards to the
effects of the statistical problenms and what really are the
underlying relationships that we need to understand as we try
and evaluate this Criteria Docunent.

So, as you can see, we are going to have this
extensive set of presentations. | think it would be useful
for us to start off by allow ng everybody in the audience to
know who we are. So, let ne introduce nyself. | am Philip
Hopke. I am the A R D. darkson Distinguished Professor of
Chem cal Engineering and Chem stry at darkson University,
and ny background is nostly in data analysis and receptor
nodel i ng and sone field studies in nucleation.

So, | would suggest we mght go a quick round,
starting over with Warren and. ..

DR VH TE: | am Warren Wite from
Washi ngton University in St. Louis. My background is
mat hemat i cs and aerosol science.

DR LI PPMANN: Mort Li ppman, New York
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Uni versity School of Medicine, Environmental Health Science.
DR LI OY: Paul Lioy, Environnmental and
Cccupati onal Health Sciences Institute in New Jersey,
exposure and environnmental health sciences.
DR LEGGE: I am Allan Legge wth

Bi osphere Solutions in Calgary, Al berta in Canada, and | deal

with issues related to air quality and environnental effects.

DR. OBERDORSTER: | am Qunt er
oer dorster, Uni versity of Rochest er, Depar t nent of
Envi r onnent al Medi ci ne. I am interested in inhalation

t oxi col ogy of particles, non-fibrous and fi brous.
DR MCCLELLAN: I am Roger M ellan, an

i ndependent advi sor on inhalation toxicology and human heal th

ri sk analysis in Al buguerque, New Mexi co.

DR, KCEN G Jane Koenig. | am at the
University of Washington in Seattle. | am interested in
physi ol ogi cal ... human physi ol ogi cal responses to air
pol | uti on.

DR. MAUDERLY: Joe Mauderly wth the

Lovel ace Respiratory Research Institute in Al buquerque, and I
aminterested in toxicology and dosinetry.

MR. PO ROT: | am Rich Poirot. | am an
environnental analyst with the State of Vernont, Departnent
of Environnental Conservation, and | aminterested in aerosol

nmeasur enent et hods and source apportionnent techni ques.

DR. M LLER: Fred Mller with dIT
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Centers for Health Research. My interest is dosinetry and
toxicology. | amtrained as a biostatistician.
DR VEDAL: Sverre Vedal. | am a

prof essor of nedicine at National Jew sh Medical and Research
Center in Denver, Colorado. I am a chest physician and an
epi dem ol ogi st.

DR.  ZI ELI NSKA: | am Barbara Zielinska.
| am a research professor at the Desert Research Institute in
Reno, Nevada, and ny interest is atnospheric chemstry,

organi ¢ conpounds for gas phase and particle entity.

DR WOLFF: George WoIlff from GCeneral

Motors. | am an atnospheric scientist.
DR, SAMET: Jon Sanet, Johns Hopkins
Bl oonber g School of Publ i c Heal t h, Depar t ment of

Epi dem ol ogy, epidem ol ogy and pul nonary nedi ci ne.

MR. VH TE: Ron Wi t e, Nat i ona
Ost eoporosi s Foundation and volunteer with the Anerican Lung
Association, and ny interest is in air pollution and human
heal th effects.

DR TAYLOR I am George Tayl or. | am
with the School of Conputational Sciences at George Mason
University in Fairfax, Virginia, and | am an ecol ogist, air
qual ity specialist.

DR. KOUTRAKI S: Petros Koutrakis, Harvard
Uni versity. I am in atnospheric sciences and an exposure

assessment speciali st.
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DR.  HOPKE: Thank you very nuch. Fr ank,
you want to introduce yourself, too?

DR. SPEI ZER: Yes, Frank  Spei zer,
prof essor of nedicine and environnental science at Harvard
Uni versity.

DR.  HOPKE: Thank you. So, again, the
idea is today, we are going to focus on these questions
underlying the epidem ol ogy. Tonorrow, we will attenpt to go
t hrough the other chapters, chapter by chapter.

Now, because of the limted tine we have, we may
not be able to conplete the discussion of each chapter. W
are going to have to set aside tinme to nmake sure that we get
to all chapters, but what | wuld like to ask the panel
menbers is that, in preparation for tonorrow, please |oo0k
over your comments and | ook to the ones which highlight any
of the major science problens so that we get those on the
t abl e. Al'l of the mnor technical things, editing, things
like that, we can deal with in terns of providing the witten
comments to Dr. Gant and his staff who can take care of
t hose things, but any issues you have with the way...w th any
of the science issues as they are presented in those chapters
we would like to get on the table and, hopefully, be able to
provide Dr. Gant and his team with sone clear advice on
where to go so that when we get together the next tine, we
really will be in a position to close on this docunent.

They have made a significant effort in revising
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things with regards to our comments from last tine. From
what comments we have seen so far, we thought we might be
able to actually close this tine, but then these other issues
have cone up. | don’t want you to feel that we are limting
the debate on the other chapters. W wll have nore tinme at
the future nmeetings to do that, but let’ s nake sure that we
bring up any major issues that still remain in these chapters
so that the problens are clearly outlined to the team that
needs to revise them so that when we do get the epidem ol ogy
issues resolved and rewitten, we’ |l be at a point where
everything el se has really cone together as well.

MR. FLAAK: | have one nore conmment. Let
me ask, also, that the individuals on the panel who have
provided me with their prelimnary witten comments, that
information is contained in a conposite docunent which is

avai l abl e on the table outside. For those of you that have

yet to give ne your coments, | have received witten
comments today from All an Legge which we will get copied. |
have received electronic copies of Dr. Hopke and Dr.
berdorster’s conments. If anyone else has coments to

provide to nme today, such as Dr. Koutrakis, thank you, and
anyone else, please get those to ne, and we wll get those
copi ed and nmake them avail abl e probably by the end of today.
For menbers of the public who are presenting today
and who have witten comments, | ask that you do not put the
comments on the table outside but that you give those to ne

directly or to ny assistant, Zisa. Zisa, | just saw you wal k
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in the room Where are you? Zisa is at the back of the
room Either give themto her or give themto ne so we can
make sure t hat t hey get di stri but ed to everyone
appropriately, and, if necessary, we wll get extra copies

nmade.
DR. HOPKE: Thank you. Les, you are up.

DR GRANT: Dr. Les Grant, director of
the National Center for Environmental Assessnent Division in
Research Triangle Park and, obviously, head of the group
responsi bl e for preparation of the Criteria Docunent.

Vell, nice to see you all again, Phil and other
nmenbers of the PMreview panel. | amjoined here today to ny
right by WIlliam WIlson who is our PM team | eader and ot her
nmenbers of the PMteamon ny staff responsible for helping to
prepare the docunent as well as several of the consultants
t hat aided us in doing so.

Vell, where to start? Perhaps with a few words to
help place this neeting in context. In case folks are not
aware of it, today is the fifth anniversary of the new PM
standards being promul gated back on July 18th inl1997. Lots
of things have happened since then. Perhaps a couple
hi ghl i ghts m ght be useful.

First of all, to note that, at the tinme of that
pronmul gation and in light of a lot of controversy regarding
some of the scientific bases and so forth, the Congress
appropriated $50 million a year to expand the PM research

program wit hin EPA. Al so, there was the establishnent of a
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National Research Council or NRC Committee on PM Research
Priorities to help oversee and advise EPA nanagenent in
conduct of the research program

| think one of the key things here is the fact
that, indeed, that program developed very rapidly, quite
extensive research both in ternms of our intranmural Ofice of
Research and Devel opnment PM program increased funding for

STAR grants and Center grants and so forth, the establishnent
al so, separately fromthe program of the National PM 5

nmonitoring network and speciation network and so on to work
jointly with some of the expanded research efforts.

One of the consequences of this is a truly
unpr ecedent ed out pouring of new research findings through the
| ast nunber of years, and as you all know, the rapid rate of
publication of these research findings certainly has posed
for all of us quite a huge challenge in trying to capture and
interpret or assess whatever the essence of what that
research all neans.

The CASAC comments and public comments on our two
previ ous external review drafts that Phil nentioned back in °
99 and 2001 have been extrenely hel pful as we have gone on to
try, you know, to conme up wth further revision of the
docunent. We have taken the coments seriously, believe ne,
and | think we’ ve nmade sonme very real progress in what is
contained in the third external review draft, not that there
isnt still some additional progress that needs to be nmade

obviously, but we think we have been able to nake sone, you
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know, very mmjor inmprovenents and advance in what has been
assessed there.

| would just as far as a quick summary overvi ew of
some of the key revisions, a nunber of the revisions nade and

sonme of the key findings are contained in a handout that were

pl aced at each of the CASAC nenbers’ pl aces. It is also
avai l able out here out front, and | presune that everybody
has picked it up. I would like to just run through very

quickly and highlight a few of the things here in the
handout .

First off, we have added the executive summary. It
now appears at the outset of the docunent before the ensuing
chapters, and, essentially, as its nane intends, it
sumari zes key points and conclusions from all the ensuing
chapters.

The introduction to the docunent in Chapter 1 has
been revised to explain as a key change, the general flow of
the rest of the docunent, and that is to follow the risk
assessnment paradigm as per the framework that the NRC
Commttee on PM Research Priorities has enployed in sone of
t hei r work.

So, it goes from Chapter 1, the introduction, to
Chapter 2 which provides background information on physics,
chem stry, and neasurenent of PM to 3 which talks about
sources of emssions, air concentration in the US., and
then, after a Chapter 4 discussion of environnental effects,

we go through a sequential discussion of information on human
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exposure, dosinetry, toxicology, epidemology, and, lastly,
we wap up wth Chapter 9 as an integrated synthesis,
especially of the air quality aspects and health-rel ated
t hi ngs.

The next is an augnented di scussion in Chapter 2 of

the chemstry and physics of atnospheric PM and this
continues to support separating PMg into fine and coarse

thoracic fractions, and it provides quite of bit of
addi ti onal i nformati on, new infornmation or whatever on
ultrafine and inhalation node PM within the fine fraction.

There is nore information in the neasurenent section of that
chapter on the FRM for PMp 5 and inproved ways to provide a

sharp cut at the 2.5 dianeter.
W also talk about so-called difference technique

and the dichotonmous sanpler as candidates for coarse
fractions PM that is, PMjp-2.5 sanpling, and we have added

gquite a bit of discussion with regard to progress nade in
sanpling and analysis of sem -volatile conponents, including
anmonium nitrate, sem - volatile organic conpounds, and so
forth, as well as some discussion about progress nade in
continuous nonitoring for PM mass and several different PM
conponent s.

Chapter 3, the one on concentration sources and

em ssions of atnospheric PM discusses prinmary and secondary

sources of fine and coarse PM and concentrations of PW g

and, to some extent, PMjpg-2. 5 derived fromthe new Nationa



U.S. Environmental Protection Agency - Clean Air Scientific Advisory Committee
Particulate Matter Review Panel #6102-1 7/18/02 Lee O

Monitoring Network are analyzed and reported in terns of both
of spatial distribution on national and urban scales and
tenporal distribution, that is, our seasonal and diurnal tine
scal es.

Very inportantly, everybody needs to keep in mnd
that we are looking at what is just now energing from a

coupl e years of data coming out of this national network, and
t he anal yses of spatial variability of PMp 5 concentrations

whi ch were done using about 27 U S. urban areas do indicate

that there is quite a bit of...or a varying degree of
heterogeneity in PMp 5 levels, and note is made cautioning in
using data from the AIRS data base, then, to characterize
comunity exposures to PMp 5, and these have sone

i nplications, perhaps, for sone of the epidem ol ogy anal yses
that are tal ked about in Chapter 8.

There were simlar anal yses done or added for the
coarse fraction PM PMp-2.5, as per recomendations from
CASAC during the |ast go-around. These are pretty limted

conpared to the PWMp 5 evaluation, and sone of the reasons |
have listed in here, very inportantly in many areas, PMp and

PMp 5 are not necessarily neasured at the sanme sites.

Secondly, in nmany areas, there is little overlap

that ties between the sanpling schedules, so you have linted

opportunities of having the same day on which you have PMg

nmeasurenments and PMp 5 at the sane site that you can then
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subtract PMp g5 from PMg.
Lastly, any errors that you have in ternms of

measurement for PMjg or PWMp 5 do propagate, then, into the PM

10-2.5 concentration estimates. Sonetines, these yield

negative val ues for PMp-2. 5.

In any event, we have tried to do about the best we
could with the available data wth regard to trying to
characterize the coarse fractions distributions and so on.

W do plan to add some further simlar analyses
expanded to take into account nore data collected over
another six nonths or so in the sane or additional cities as
they are added to the available AIRS data base. Secondly, we

have in mnd to add analyses of data available from the Los

Angel es Basin from di chot onbus sanpl es which give you both PM

10 and PMy 5, obviously, at the sanme |ocation, same sanpler,
and conpare that against what you get when you use the
di fference nmethod where you subtract PMp 5 from PMg derived

fromdifferent nonitors

There is a great deal of information that we have
presented, especially in the appendices and so on, to Chapter
3 on chem cal conposition data that are being derived from
our new speciation network and statistical techniques for
determ ning source categories and the contribution of PM nass
due to specific source categories are described in the

chapter as well.
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The question for epidemology of how well a
comunity nonitor can represent an entire urban area is, in

part, assessed by exam ning the honogeneity or heterogeneity
among | evels of PMp 5, PMig, PM chem cal conponents, and

source category contributions across U S. areas in this
chapter.

Chapter 4 on the environmental effects of PM the
veget ati on and ecosystens section has been augnented by quite
an ext ensi ve new di scussi on, agai n, as per CASAC
recommendation last time, of key determi nants of wet and dry
deposition of particles on plants and ecosystens. W have
also redrawn quite a nunber of the figures to enhance the
clarity of presentation of themin the chapter, and we have
added a di scussion, again, as per reconmendati on of CASAC, of
limted available information on urban ecosystens.

The visibility section has been revised to have a
cl earer discussion, perhaps, of nmethods for neasuring PM
visibility effects and also to talk a little bit about or
sumarize information on the visibility nonitoring programnms
being carried out by EPA and sonme of the other Federal
agenci es.

As for the climate change section at the end of
Chapter 4, we have shortened that. W have deleted out the
associ at ed appendi ces. Those appendices were in there mainly
as a neans to sort of scanning in sort of executive sunmary
information from other extensive assessnents that were just

then in, what, March or April of 2001 not yet published but
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avai lable to wus. Now, these are published, and we nake
reference to themand so forth but don't feel the need to have
to have sort of the executive summary materials in the
appendi ces for the chapter.

Turning to Chapter 5 on human exposure to PM it

has been revanped to better explain different conmponents of

per sonal exposur e, and it descri bes t echni ques for
determining anbient and indoor-generated conponents @ of
personal exposure, and information, new information, is

presented on size, conposition, and sources of personal
exposur e.

The second major thing, studies of anbi ent
concentrations and personal exposures of cohorts provide
information on relationships between anbient, non-anbient,
and personal exposures to PM both for healthy and susceptible
popul ations. Sonme of the new anal yses of the PTEAM data base
show that the anbient PM concentration is highly correl ated
with personal exposure to anmbient PM but the correlation
bet ween anbient concentration and non-anbient exposure is
very | ow, near zero

Al so, analysis of exposure error suggests that
non- anbi ent exposures Wl not bias epi studies of
statistical relationships between anbient concentrations and
health outconmes, but the difference between anbient PM
concentrations and anbi ent PM exposures can bias the relative
risk per unit of anbient PM concentration. Reductions in the

community average ratio of anbient PM exposure to anbient PM
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concentration with increasing use of air conditioning does
appear to expl ai n at | east part of t he
honogeneity... heterogeneity found in multi-city epi studies.

The newl y added exposure studies, certain of them

al so suggest that gaseous pollutants such as NO COp SOy or
NOp rather, and ozone are, at tines, or can be surrogates,

not necessarily confounders, of PW 5, given new findings

that indicate or suggest that anbient concentrations of the

gases are poorly correlated with personal exposures to the
gases but are well correlated, at tinmes, wth anbient PW g5

concentration.

As for the dosinetry of particulate nmatter, the
chapter has been extensively revised to nore clearly and, |
think, nore transparency, shall we say, elucidate, then,
human respiratory tract deposition, clearance, and retention
of particles of varying size or chemcal and physical
conposition in the three nmjor conpartnents  of t he

respiratory system the extrathoracic, tracheobronchial, and

al veol ar.

W have added in quite a bit of new graphics as per
suggestions fromthe conrittee last tine. | think these are
qui te hel pful. They elucidate further the deposition and

retention patterns and so on.
Revisions have also been nade regarding our
i mproved understanding of species difference in deposition

transl ocation, and clearance of particles, and, hopefully,
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this may be able or provide us with a better possibility to
extrapolate and interpret toxicologic data obtained from
| aboratory ani mal studi es.

Expanded di scussion has al so been accorded to nore
sophi sti cat ed and versatile mat hemat i cal and fluid
conmput ation nodels of respiratory tract particle deposition
cl earance, and retention, and these are particularly hel pfu
in identifying factors that nmay increase susceptibility to PM
exposure and also delivered or retained dose to lung tissue
and then perhaps the associated anbient PM health effects
This includes looking at differences in deposition, for
exanple, as they relate to age, to preexisting disease
states, and so on.

Chapter 7 on the toxicology of PM in human and
| aboratories animals has been revanped. It is ainmed to
answer several questions that are posed at the outset of the
di scussion, | think, such as what are the types of
t oxi col ogic effects caused by exposures to PM and i ncl uding,
especially, relevant anbient air concentration as a key
poi nt; what characteristics, size, or conposition of PM
contribute to any of the observed toxicity; what are conbi ned
effects of PM and other pollutants; what mechanism nmay be
involved in the toxicologic responses to PM and what factors
affect individual or subpopulation susceptibility to the
effects of PM

The enphasis is placed in the Chapter 7

di scussions, in the revised discussions, on the assessnent of
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new data both from controlled studies of particles collected
from em ssion sources and anbient sanplers such as inpactors
and diffusion denuders, and then, secondly, data obtained by
use of aerosol concentrators that provide a technique for
exposing humans or |laboratory animals by inhalation to
concentrat ed anbient particles or CAPs.

The new studies pretty consistently tend to
indicate that the biologic effects of PM may be a function
not only of particle mass deposition but of sone other
characteristics, particle nunbers, total surface area of the
particles, particle acidity or surface chenistry, charge, and
conposition of the particle in addition to other exposure

variables and a nunber of other environnental and host

factors.

New studies also provide quite a bit of inportant
additional information regarding potential rmechanisns of
action of PM or PM constituents. W think that, very

inmportantly, the additional information that is brought in
here and expanded on neurol ogical nechanisns are likely or
per haps, what ever, suggestive of contri buting to
cardi ovascul ar effects is sonme pretty...you know, one of the
nore inportant things that has been added. There are quite a
nunber of other new pieces of information as well on other
types of mechani sns.

New i nformation fromthe | aboratory aninals studies
al so provide plausible insight into risk factors enhancing

the toxicologic properties of PM these being useful in
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identifying potential susceptible human popul ati on groups.

W think, collectively, that these inportant new
findings assessed in Chapter 7 do add quite a bit,
substantially, we think, to the weight of evidence that
argues for the plausibility of ambient PM exposure effects on
humans and, especially, in conparison to what we have
available in the way of very linmted infornmation in the 1996
PM Criteria Docunent.

Turning to the epideniology of hunman health effects
of anmbient PM we find that we have done quite a bit to
revise the introductory background information that includes,
we think, quite inproved discussion and illustrative figures
on confounding and effect nodification concepts. This is in
keeping, again, with recomendations from the conmittee to
try to make a clearer and nore transparent introduction to
t hese concepts.

Al so, section 8.1.3 provides information on
approaches wused to acquire the published studies for
consideration in the chapter and rationale for relating PM
excess risks to standardized PM increnents. There had been

some discussion last time perhaps we should go to sone

standard single increnent, say, 10 F g/ m3 or whatever, al
when we went back in and had a |look at the actual data from
the nonitoring networks, it did appear that it still is

probably substantially or whatever justified to go ahead and

continue to use the 50 F g/ m3 increment for PM g and then 25
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for PM 5 and the PMjg-2. 5 fractions, giving the range of

ki nd of anbi ent exposures.

In revising the ensuing sections on nortality and
norbidity, we included nore than 50 new studies published in
2001 and another 10 in 2002. That is in addition to the nore
than 200, nmybe 250 studies, that have appeared since 1996
and were discussed in the second External Review Draft of the
PM Criteria Docunent. So, as you can see, there continues to
be quite a rapid additional increments or whatever to the
epi dem ol ogy data base which certainly has nade it pretty
difficult for us to keep up with it and to try to capture it
and present it succinctly in this docunent.

What we have done, in keeping with recomrendations
from the conmttee last go- around on the second External
Review Draft, is to shift some of the detailed summary
materials, tables, whatever, from the main body as they
appeared in the second External Review Draft back into the
appendices for Chapter 8 in this third draft. There are

tabl es arranged by exposure duration, short- or long- term
exposure, PMindicator such as PMjg PM 5, PMp-2 5, and

then different health endpoints, nortality versus different
norbidity indices, breaking out norbidity indices, for
exanpl e, of hospi t al admi ssi ons, physi ci ans’
physi ol ogi cal or whatever pulnonary function changes and so
on.

W have added nore concise sunmmary tables to the

visit
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main text and, again, organized by health outcones and
present sonme key features of the studies. W try also to
bring forth in mnmany of those tables quantitative or
i nformation succinctly provided on quantitative increases in
risk per PM increnments observed in nodels that have only PM
alone in them or with one or nore copollutants. It gets
pretty tough to pull out key information from these studies
in which quite a nunber or variety of PM nodels, you know, PM
al one or with sone various copollutants are in there.

Some of the nore notable published epidem ol ogy

findings include, as follows:
First, effects of long-term exposure to PM 5 on

nortality appear to be confirmed rather well by published
reanal yses of the Harvard Six-Cties Study and Anerican
Cancer St udy. These are the prospective chronic exposure
studies. These reanal yses by HElI-supported investigators and
t hen, secondly, also, by the recently published extension of
the ACS study to include a |onger exposure period or |onger
foll owup period, | guess, would be nobre accurate. The ACS
study, recently published in early 2002, also provides
probably the strongest evidence yet of increased |ung cancer
ri sk being associated with |long-termfind PM exposure.

We al so have a nunber of new tinme- series studies

t hat have |ooked at conparing PM 5 and PMig-2. 5, the fine
and coarse fractions of PM g in the same study, and those

appear to confirm the effects of PMp 5 overall and suggest
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possi ble effects of PMjg-2. 5, and, generally, they indicate
hi gher risk and higher statistical significance for either
the fine or the coarse fraction conpared to PM.

There is also discussed intervention studies, if
you will, or natural experinment studies, however you wish to
termthese. These are situations in which there is a change
in PM levels, fairly dramatic changes or whatever, in which
they are reduced, perhaps due to shutdowns of certain
i ndustrial operations, as in the case of the steel mll in
Utah Valley, or to shifts in traffic patterns or novenent of
subjects to areas with different pollution |evels.

Basically, these studies tend to show that at a
decreased PM exposures due to these factors | just nentioned,
you al so get correspondi ng decreases in health endpoints such
as nortality or norbidity. Conversely, the opposite. If you
kick back in and start up, say, the steel mll in Uah or
what ever, you see again increases in the health endpoints
corresponding to that.

The  epi dem ol ogi c anal yses, we think, have
identified relationships between nortality and norbidity and
a nunber of different specific PM characteristics, PM
physi cal and or, for exanple, size or chem cal conponents,
also in terms of associations wth different source
cat egori es. As an exanple, sone of the factor analysis
studies, then, showi ng conbustion-derived particles having

strong relationships versus not very nuch comng out
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i ndi cating associations with the health effects with crusta
coarse node particl es.

W have added quite a bit of discussion or revanped
the discussion in section 8.4 of Chapter 8, and that
nodi fi ed, expanded discussion, for exanple, includes further
di scussion of the potential inportance of intra-urban spatia
differences in concentrations of PM and other potentially
confounding pollutants as a possible source of measurenent
error. This is pulling some information out of Chapter 3.

W al so discuss relationships anong concentrations
in air nonitors, outside and indoor mcroenvironments, and
personal exposure in relation to neasurenent error and
conf oundi ng based on sone of the discussions in Chapter 5.

It is also nmade the effects of |ocal and regiona
variations in fine and coarse particle concentrations, their
sources and conposition as it may be relevant to
epi deni ol ogy.

W have also highlighted in a section there |ung
cancer effects associated with exposure to anbient particles,
both talking a Ilittle bit about some of +the historic
information that was available in the past and then the nuch
better evidence or convincing evidence that is derived from
the nore recent prospective cohort studies and, especially,
t he ACS study, and we nake cross reference over to the likely
i mportance of diesel PM as being a Ilikely inportant
contributor as per our separate EPA Diesel Docunent that has

j ust been published and now approved as final in 2002.
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Qobviously, as | think by now pretty nmuch everybody
knows and Phil alluded to earlier, some of the |atest
devel opnents conming along with regard to certain statistica
i ssues preclude a full or conplete review of Chapter 8 epi
assessnments and the associated valuations of epideniology
findings in Chapter 9, the integrative synthesis. This is
due to sone recently surfaced statistical issues that
potentially affect quite a nunber of PMtinme- series anal yses
that we assess in Chapter 8.

One such issue is the convergence issue, so-called,
that relates to one aspect of certain software or whatever
used to fit generalized additive nodels, GAM nodels or
what ever, and, nore specifically, the use of certain preset
default «criteria which termnate iterative curve-fitting
routi nes or subroutines in sonme of the software.

Anot her issue concerns variance estimation in GAM
nodel i ng which, under certain circunstances using various
software, can lead to underestimation of standard errors and
confidence intervals by which levels of statistical
significance are judged for possible PMrelated nortality and
norbidity effects.

Sonme of these issues were brought to our attention
shortly after our release of our third External Review Draft,
brought to our attention by HElI, and we did distribute out to
CASAC and to all the recipients that we could identify as
such of that third External Review Draft a letter that

essentially highlighted the fact that these issues have been
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brought to our attention and that we, EPA, were proceeding to
address them but that it was recogni zed we would not be able
to fully resolve and arrive at a conplete review of the
epi dem ol ogy information at this neeting. Rat her, you know,
we need to focus on discussion of these issues, and, indeed,
in light of the inportance of these issues, we have arranged
for invited presentations by several different statistical
and epidemologic experts who have been involved in
eval uating them and | ooki ng at sonme of their inplications.

These presentations that are scheduled on the
agenda during the next couple hours or so, we hope, along
with ensuing discussions, wll elucidate very inportant
information on the nature of the statistical issues, sone of
their potential inplications for evaluating the published
time-series analyses, and we hope to hear about sone of the
prelimnary results or reanalyses of some of the major PM
epi dem ol ogy st udi es.

Attached to this handout in Attachment A is a set
of information on sone of the efforts carried out by EPA in
trying to identify which of the various studies that were
di scussed in the ‘ 96 document and then also in this third
External Review Draft, which of the many, about 350 of these
studi es, may have been affected by sone of these statistical
issues. | think it is inportant to note that with regard to
those studies cited in the ¢ 96 docunent, relatively few of
them were affected by or potentially affected by these issues

dealing, especially, with GAM general additive nodel or
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what ever, analyses, whereas the newer studies, quite a
nunber, nore than 50 percent of sonme categories of these
studies cited in the ‘ 96...excuse ne...cited in the current
third External Review Draft nmay be affected.

Quite a bit of effort has gone in, as you see in
the table, effort put in by our associates over in OAQPS and
al so our staff in having a |ook at published descriptions of
the methods and listing them out here in these tables as per
t he published descriptions, some contact with some i ndividual
investigators to get further clarifications, but as you can
see, it is quite a big job if one is going to go through, you
know, each of them but efforts are being nade to clarify and
get additional information beyond what was in the published
papers with regard to some of these different studies, and
then to, hopefully, through discussions today and our further
eval uations, to be able to arrive at what next in the way of
dealing with them

We still think CASAC review of Chapter 8 would be
very valuable to us and help us in our next revision of that
chapter, and that includes having CASAC comment on the
adequacy, soundness, transparency of sonme of the new y- added
revisions, discussing the fundanental concepts related to
confounding and effects nodification, also the summarization
of key outcomes of nortality and norbidity studies in the
conci se sunmmary tables and figures presented in the Chapter 8
main body, and our shifting of the Ilengthy descriptive

summary tables to the appendi ces.
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Comments on the adequacy and soundness of the text
di scussions of various inportant studies would be hel pful as
well, and also on the interpretive evaluation of epi findings
in Section 8.4. That includes assessnent confounded by
copol lutants, sone pretty extensive discussions of figures
related to that, the roles of particulate or specific
particul ate matter conponents, discussions of heterogeneity
of PM effects, and so on. And it would also be helpful,
obviously, to have comments on the cogency or soundness and
conpl et eness of our key concl usions presented in Section 8.5.

As for the integrative synthesis, we have added
that synthesis now for the first time in this third External
Review Draft. W have tried to organize it along the flow of
the basis risk assessnent paradigm franework, simlar to what
was used across the earlier chapters, and it is structured in
a manner to address issues of the type that were posed by the
NRC PM Conmittee on PM Research Priorities as topics 1
through 10 in their several published reports during the past
several years.

Just a couple things of note as far as sone of the
health-related findings or whatever just to highlight it as
far as the integrative synthesis, first, that is to note that
we now do discuss and bring into play new information that we
think that is highly suggestive of new nmechani sms havi ng been
di scovered whereby a variety of PM characteristics or
conponents rmay cause biological responses. This includes

progress made in understandi ng biol ogical nechanisns whereby
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deposition of PMin the lung can cause effects on the heart
and bl ood that may | ead to sudden deat h.

The table down below, Table 1, illustrates sone of
the types of particle characteristics, if you will, that have
been associated with health effects either in toxicology or
epi dem ol ogy studies, as discussed earlier in the chapters
and so forth.

And we Dbelieve that the conbination of the
toxi col ogy and epi studies suggest that different chemnica
conmponents and physical characteristics of PM from different
source categories my have qualitatively and quantitatively

different effects. W think, as of now, you really cannot
rule out the possibility of just about any given PM

fraction or chem cal constituent having perhaps toxic
potential at anbient or near-anbient concentrations.

There nmay be a few exceptions to that, as |
nmenti oned earlier. Not too nuch evidence conming from the
factor analysis studies of these kinds of effects being
associated wth crustal mat eri al s, but there may be
exceptions there where you have past contamnation wth
netal s deposited fromsnelters or perhaps pesticides or other
t hi ngs even contam nating crustal materials.

W have provided in Chapter 9 extensive tables that
indicate the risk values for nortality or norbidity effects

per i ncr enment in short-term or |l ong-term exposure

concentrations of different PM indicators, PV o, PM 5, and
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so forth, and for U S. and Canadian studies. W have tried
to highlight and separate out or identify separately those
studies that were treated in the 96 docunent versus

new y- published studies assessed in this docunment that add
to that base. Qoviously, we are going to have to nodify
those risk estimates in light of whatever conmes out of the
future revisions or reanalyses of the studies that we are
tal ki ng about.

Agai n, we think CASAC comment on Chapter 9 would be
very helpful, still, for us to have coments on the overal
organi zation of the chapter, how it is structured and, you
know, addressing questions related to the flow of the risk
assessnment paradigm comments on the level or depth of
treatment of various topics and the extent of integration and
specific ways to inprove the integration across subject
areas, soundness of bottomline conclusions, especially
regarding quantitative estimates of PM health risks, and the
likely mechanisns underlying such effects and likely
suscepti bl e popul ati ons.

That is a quick run-through of sone of the key
revi sions and issues or whatever that may help to focus sone
of our further discussions today. | think the next thing on
t he agenda, then, is to perhaps go ahead and nove into having
sonme presentations on the statistical issues that, | think,
will be very inportant for all of us. | appreciate your
attention and |ook forward to what we learn from these

peopl e.

t he
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DR. HOPKE: Any quick clarification
guestions that anyone wants to address? Roger?

DR. MCCLELLAN: Back earlier, you
nmenti oned adding just about six nonths of data in terms of
the concentration. Wat time period of data are you going to
be able to go up to in ternms of that additional data, as you
reference on page 3, | guess, the third paragraph down?

DR.  GRANT: Joe, what do we anticipate,
possi bly, on additional data that we might be able to add in
on the PM speciation?

MR. FLAAK: Joe, could you conme up to the
m crophone and al so identify yourself?

DR, GRANT: This is Joe Pinto from ny
NCEA staff.

MR.  PINTO | would anticipate on the
order of two to three nonths.

DR.  MCCLELLAN: So, it will go through
what tinme period, what calendar tinme are we updating for?

MR, PINTO | prefer to defer that to
sonmebody from QAQPS.

DR GRANT: Roger, | am not sure we can
answer your question in great specificity right now
Qobviously, there is new data comng in from these various
sites, you know, around the country as they have started up
and begun coll ecting the data. | think we have in there, if

| renmenber, Joe, ‘99 through 2000. So...
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MR PINTO That is correct.

DR. GRANT: \What we are hoping is that we
are going to have additional data that would be avail able,
gual ity assurance data and other things, that would take us
three, maybe six nonths into 2001, you know, as possibly
being able to add in there. W may be able to go further
than that, but we’ |l just have to see, you know, what 1is
avai | abl e.

DR. MCCLELLAN: | would just like to urge
you to do what you can to shorten up that time in terns of
the quality assurance and be able to include as close to
contenporary data as you can. It would be great if...it is

going to depend on when this full docunent is finalized,

obvi ously.

DR GRANT: Sure.

DR. HOPKE: Anybody el se?

MR. PO ROT: | had a general question
that is kind of on the same topic, but I...a little bit

difficult in sone of the review aspects to not try to put
things into a bin of can we ook at this a little bit nore in
the future, but now, you have opened up that door, and | am
wondering both fromBill and from Les, you know, how nmuch do
we really want to kind of direct you to things to | ook toward
in the near future and how much do we want to really kind of
say we generally wunderstand things pretty well wthout

needi ng to do that new work.
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DR.  GRANT: Right, and that is a very
good point, one that |I had in mnd to touch on. Qovi ousl vy,
we are going to have to come to a point of wapping up what
period of time, some cutoff point for, you know, discussing
new findings and so on in this docunent, and, you know, the
statutes are such that whatever we don’ t get this go-around
can go to the next docunent wunless there 1is sonething
extraordinarily new or inportant or whatever.

W have in mnd to, basically, cut this off as of
the end of April which is, basically, what is covered in
her e. The nost thorough coverage is up through Decenber of
|ast year that we were pretty good, pretty confident we
captured nost all the information there, and then we were
able to capture sone things comng out early in 2002 up
t hrough the point where we put the docunent out.

Qoviously, you can’ t have everything of the very
| ast minute publication in a docunment of this size. So, we
woul d like to go back and have a | ook back through and see if
we can identify any really inportant new things published
early in the year here up through, say, April to incorporate
and then, you know, we have in mnd to use that as a cutoff
date for what goes in the next draft.

| think the air quality analyses, the AIRS data
base, to the extent that is, as always, a little behind as
far as things comng out, and, obviously, that data we are
going to be tal king about or whatever has to do with the de

facto...or fresh, de novo anal yses of these, you know, to the
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extent that we can bring in nore tinme, you know, for those or
additional data, we think that would be wuseful to help

extend, perhaps, what we have there in the way of being able

to tal k about, for exanple, PMp-2. 5 patterns.

DR.  HOPKE: But again, you know, we need
to bring things reasonably to a close, and, you know, again,
i f people see sonmething which you feel is really
substantially...begins to substantially change our viewoint
or does sonmething major, then let’ s make sure to bring it to
Les’ attention, but, vyou know, we have got a Ilot of
i nformation already such that one or two nore papers that say
much of the same thing really isn’ t changing our Dbasic
under st andi ng. So, you know, if there are things that |ook
like they nmay be changing our basic understanding, really
finally nailing something down or sonmething like that, then
let’s get those few in, but otherwise, we really would be
better off closing off around April.

And, you know, again, they are going to have to put
in a lot of effort, as you wll hear, wth regards to
chapters 8 and 9 to get those back together again so that,
you know, at this point, | think we would be better off
focusing their limted resources in that area.

Yes, Ron?
MR  VH TE: | am confused now, because

you are talking about an April, 2002 cutoff for published

papers which is essentially what is in the docunent right
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Now. DR.  HOPKE: Wll, it is really nore

Decenber 30 with a fewinto early March

MR, VH TE: But, essentially, we are
saying April, 2002 is essentially unless there is sonething
really earthshaking that cones along. On the other hand, it
is very clear, Les, that you are going to have to incorporate
some of the anal yses, sone of the key studies that, because
of the whole GAM nodel problem and it sounds to me, on the
face of it, as though those are conflicting statenments in
that those reanalyses certainly will be post-April, 2002,
and. ..

DR. HOPKE: Absol utely.

MR VH TE: ...at some point, your head
is going to have to cut off what reanal yses you are going to
include to a stop point.

DR HOPKE: Right.

MR VH TE: And | would like to get a
sense. . .

DR. HOPKE: And, to sone extent, part of
that is going to be a judgnment on which are the critical
studies for which we really need the reanal yses and which are
yet another of, you know, maybe nore limted val ue.

MR VH TE: Right, and, you know, this
may be getting into the discussion.

DR. HOPKE: Right, and that is really

where we want to go tonorrow norning.
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DR GRANT: Yeah, | think tonorrow
norni ng, after we hear...

MR VH TE: But | think in terms of if
you could lay out that in ternms of that discussion, the tine
frame that you have got in mnd and whether it...the
identification of those studies and so on, | think that woul d
be hel pful to the discussion.

DR GRANT: Yes.

DR. HOPKE: Right. GCkay.

DR.  MCCLELLAN: There was reference nade
to one other docunent, i.e., the D esel Docunent that many of
us spent a significant portion of our life span on. \Wat is
the current schedule for publication and release of that
docunent ?

DR. GRANT: | wunderstand within about the
past nonth, a final sign-off of the docunent has occurred as
final and should be forthcom ng very inmnently.

DR.  HOPKE: Yeah, |’ ve had sone recent
correspondence with Dr. Feiland that he indicated that Dr.
Gllman had now signed off on it so that it should be out
here avail abl e shortly.

kay, let’s nove on, then. Qur first presentation
is going to be S-Plus 101 by Lucas Neas who is going to help
us statistically challenged folks to understand where we are
goi ng here.

DR. NEAS: My post - doc i's
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passi ng...post-doctoral fellow, Dr. Spenson, is passing out
sonme splines. Spline is...l don’'t nean to indicate that this
is not a serious matter. This is a very serious issue, and
we have spent a great deal of tine over the past eight weeks
understanding this, and this is a very inportant issue to the
Agency.

I'd like to express ny gratitude to Dr. Burnett and
Dr. Dominici who spent a great deal of tine identifying this
issue, and 1’ d also like to thank all of ny extranural
col | eagues who have spent a great deal of tinme reanalyzing
sonme of their data sets.

The purpose of ny talk is not to foreshadow the
| ater presentations. It is not to comment on the later
present ations. | want to present a neutral introduction to
some rather difficult statistical issues so that these becone
tractable to everyone here. So..

My nanme is Lucas Neas. | amwith the Epidem ol ogy
and Bi omarkers Branch of the Human Studies Division of the
Nat i onal Heal t h and Envi r onnent al Effects Resear ch
Laborat ory.

Let me introduce, although you are probably al
well aware of this nenesis, the tinme-series study. The
time-series study, very sinply, is an epidemologic study of
the day- to-day variation of nortality or sone other adverse
health effect in an unenunerated open cohort where we conpare
that with the day-to- day variation in sone pollutant of

interest, generally neasured at a central site, white



U.S. Environmental Protection Agency - Clean Air Scientific Advisory Committee
Particulate Matter Review Panel #6102-1 7/18/02 Lee O

adjusting for the inportant other potential determ nants of
t he adverse health effect, such as tinme and weat her.

Many of these tine-series studies have, quote,
reported associations between adverse health effects and
ai rborne particulate matter. \Well, what are the alternative
expl anati ons?

In the epidemologic study, we have a series of
about five other explanations besides oh, it’s the truth, the
first of which is sone selection box. Very early on, this
was a mmj or concern that sonmehow the cities or tine periods
have been selected in such a way that it was true for these
but not generally true.

Information bias is also a possibility. Somrehow,
the reporting of the health effects would depend in sone
unknown but non-causal way with the pollutant of interest.

Wat is nmore of an issue after these were dealt
with is the issue of confounding. Does the selection and
monitoring of covariance really effectively consider these
ot her potential determ nants of the outcone of interest, or
have we sonehow m s-nodeled the data to produce an effect
where none is present?

Finally, there is just chance. Maybe in the
[imted nunber of studies that we have conducted, just by
chance, because of sanpling variability, we are getting the
odd study that shows an effect, and if we really could
anal yze everything, then we would understand that there

really is no association. W are really getting just a few
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studi es by sanpling variability that show an associ ati on.

Finally, t here i's t he whol e area of
m scl assification of either the outconme neasure, t he
exposure, or the covariance. | amnot really going to treat
with that.

Today, it is nostly going to be confounding and the
i ssue of chance that we are going to be grappling wth.

In this, we generally, we have basically a
mul tiplicative rate nodel. W believe that, in sone
category, the nunmber of deaths divided by the person-tine at
risk, the rate of the event, is equal to sone baseline rate
times sone rate ratios, that we have a nultiplicative node
for the outconme of interest which is the rate of, usually,
nortality.

It is hard to nodel a nultiplicative process, so we
want to convert this to a |inear nodel. So, by doing that,
we take the | ogs, we nove the person-tine fromthe |eft- hand
side of the nodel to the right-hand side of the nodel, but it
is still the log nunber of events is equal to sone offset
term plus an intercept plus sone regression paraneters that
can be interpreted as the log rate rati os.

This handles l|inear nodels very well. The |i near
ef fect of each covariant X on the dependent variable, the |og
of deaths, is related by some constant beta, and this is the

one we usually use for any sort of pollutant term of interest

that we get, x Fg/m3 change in air pollution is related to

proportional change or so much percent change in nortality.
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Now, while this captures linear terns well, it
doesn’t capture nonlinear effects very well. So, generally,
we have gone to generalized additive nodels where sone
nonparanetric snooth function can be added to the Iinear
effects of the other covariance. It is still additive. W
assune the effects of weather could be added to the effects
of tenperature, could be added to the effects of tine, could
be added to the effects of air pollution.

And in nost of our nodels, the person- tine offset
termis generally omtted from the analysis, because we are
dealing with a large population where the anount of
person-tinme at risk is really independent of the exposure of
i nterest.

The reason that we need to treat wth nonlinear
nodels is there is a lot of nonlinearity out there in the
wor | d. Particulate matter has not been declining linearly
over time. W had...this is data from Philadelphia from*® 7 3
through ‘80. W had an initial sudden drop in PM foll owed by
nore nodest reductions in PM SSimlarly for nortality in
Phi | adel phia, we see this trend where there is a drop in
nmortality, probably due to a decline in the popul ation of
Phi | adel phi a.

We al so have nonlinear effects for season. W know
that particulate matter in Philadel phia tends to peak in the
W nter. W also know that nortality tends to peak in the
W nter.

e al so have nonl i near rel ati onshi ps Wi th
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tenperature where particulate matter seens to be high during
the cold or hot periods, probably due to its relationship
with air pressure, and we have an effect of tenperature with
increasing nortality, in the case of Philadelphia, as the
t enper at ure drops.

W have to effectively deal with this nonlinearity
in these crucial potential determnants in the outcone of
interest before we can get correct effect estimates for the
paranmeter of interest which is the air pollution. Li near
nodel s al one are not sufficient.

There are many different ways of dealing wth

nonli nearity. One of the ways of doing it is with a fully
paranetric nodel. That nmeans we have sone |inear paraneters,
and al though each piece of it is linear, in toto, they can

trace a conpl ex curve.

One of the ways of doing it are polynom als, just
i ncreasi ng high-order degree of polynom als, B-splines which
| will explain nore later, and N-splines or natural splines.

On the right-hand side, you wll notice sone
abbrevi ati ons for these. The later presenters may just use
ns and assume that you know that they are talking about a
nat ural spline.

And there are nonparametric snoothers such as the
locally weighted regression snoother, LOESS, and various
snoot hi ng spl i nes. Snoot hing splines are not often used in
the analysis, and | won’t treat nuch with them

Splines. You are all holding the original spline.
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A spline was a small sliver of wood that was used to trace a
conplex curve in an architectural engineering drawing. They
woul d place this down on the drafting paper, pin in to the
paper at various points. In between, they would flex the
spline of wood in order to get the curve.

The pins, noted in green, are very inportant and
are analogous to the statistical idea of a knot point. The
choice of where you put the pins is very crucial to your
ability to create the curve.

The difference between a B-spline and a natural
spline is that a natural spline, like this piece of wood, at
the end at the boundary point where the last pin is, beyond
t hat boundary point, the piece of wood takes a straight I|ine.
That is the natural property. So, a natural spline nodel
reproduces this natural piece of wood.

A B-spline is a piece-wi se cubic regression spline,
and they retain their curvature at the boundary pins so that
if there was curving just up to that boundary point, the
expectation of it would be it would still continue curving
beyond t hat boundary point.

LCESS snmpoothing 1is done entirely differently.
LCESS snoothing is a series of |ocal regressions done at each
data point. So, at this illustrative data point here, | am
going to construct a regression smooth that wll show the
relationship between the independent variable and the
dependent variable as a weighted regression using tri-cubic

wei ght functions which give fairly high weights to data
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points close to the data point of interest and relatively
|l ow, dropping to zero, at all the points that are at the
boundary of the span and beyond.

This span is about equal to about 20 percent of the
data. This is related to sone sort of notorcycle as a data
set, so we think that the relationship between this
i ndependent variabl e and the dependent variable at this point
would be a point here. W repeat that for all possible
points here and trace out the |ine produced by the stars, and
that is a nonparanetric approach. Qher than specifying the
span over which | want to evaluate the |ocal regressions, the
i nvestigator makes no further choi ce.

So, the big difference between LCESS snoot hing and
a spline nodel is that in a spline nodel, the investigator
has to make certain choices about where to put the knot
points, and this is crucial to the devel opnent of the natural
spline curve.

Now, | would like to introduce sone of the other
f eat ures. | am going to introduce five different snpothing
techniques for this notorcycle data. They all, for 10
degrees of freedom do about as well explaining the

not orcycl e data, but the polynom al nodels...here, you have a

tenth order polynom al. Pol ynom al s have this weightiness
that is very undesirable in a regression nodel. It is just
not very snooth. W are trying to develop the snooth

relationship between the independent variables and the

dependent variables, and here we have a |lot of just sort of
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wei ghtiness, and that is indicative of polynom al nodels.

A better nodel is the B-spline. A characteristic
feature of the B-spline is here we have a defection by the
B-spline nodel of a curvature here to the data, and it is

continuing to curve up at the end of the...at the boundary

poi nt .

The default, if the investigator doesn’ t want
specify knot points, well, knot points have to be specified
for a B-spline or an N-spline nodel. So, the default is that

the regression software just drops knot points at quantiles
of the distribution. So, at every...approximately at every
decile of this distribution, the software would stick a knot
poi nt .

It is arbitrary, but it is still a paranetric
approach where the knot points are or could be specified by
t he investigator.

The natural spline has a rather advantageous
feature. Instead of curving up at the end, it has to be
linear at the boundary and beyond. So, it tends to settle
down as it approaches the boundaries and becones rather
linear at the boundary conditions. That is the crucial
di fference between B-splines and natural splines.

A LOESS snoother, through the data, captures the
data very well. There is no polynom al ness. Li ke the
natural spline, it does settle down at the end, but it is not
forced to settle down at the end. It is not forced to be

li near at the end.

to
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And a snoothing spline does about as well as the
LOESS.

So, what is this nonster, S-plus, and what is its
threat to humanity? S-plus is a great statistical package.
Any sort of type that has been placed upon this package has
been i nappropriate. It is a great statistical package,
al though EPA does not endorse...nothing that | say wll
they...but, certainly, nothing EPA has said should act as a
di s-endorsenent of this wonderful statistical package.

It is an object-oriented conputer |anguage like C
It was supposed to be the statistical counterpart of C It
is wdely used by statisticians for the devel opment of new
nmet hods. Any new technique that cones out is going to be
witten first in S. And it was the only software capabl e of
utilizing general additive nodels until the release of SAS
version 8 in the year 2000, and it is the nost commonly used
software for epidem ologists to do time-series studies.

So, what does S-plus do? Well, you have got a
nodel that consists of sone |inear variables, and then you
have got some nonlinear snpoth terns. The first thing that
it does is split off the linear conponent of the nonlinear
vari ables and then a nonlinear conponent. It is going to
anal yze these as a series of linear variables so that every
variable in the nodel is treated as a linear variable, and
then the nonlinear variables, the smooth variables, wll be
treated differently.

W are going to cover GAM nodel fitting later.
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Since it is an object-oriented |anguage, the gam function
produces a gam obj ect which then nust be eval uated by anot her
function. Wen evaluated by the gam summary function, we are
provided with tests of nonlinearity, and you can also get a
plot of the nonlinearity. Most of you have seen these sort
of snooth plots.

You can al so have the software create a generalized

linear nodel summary. This will provide coefficients to the
linear variables and linear coefficients for the nonlinear
vari abl es. These |inear coefficients plus the nonlinear

conmponent are conbined to create the nonlinear plot.

Ckay, now for sone nore nessy details. How does it

actually get these estinates? Wll, it gets these estimtes
by, first, initializing the nodel covariance in the
progression software, it wll form a |inear dependent
variable, and then will create weight functions that say, on

the basis of the Poisson distribution, how inportant are each
of ny data points.

It will then do a weighted linear regression to
take care of the linear variables, and after it has done the
linear regression, it will create a set of partial residuals,
the portion of the variables that are not explained by the
snooth...by the linear nodel. To each partial residual, it
will fit a smooth and then create a new set of partial
residuals, and then, for the next snoother in the nodel, do
anot her snoot h.

So, this linear variable is fit. Then, in turn,
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each one of the snoboth variables is fit, and then you
eval uate across all the snooth variables, whether there has
been any change in snooths since they were last fit.

And you are going to check for convergence. If you
have not net your convergence criteria, you go back up here
to another |inear regression and keep iterating through this
until you have nmet the convergence criteria.

Now, you have net the convergence criteria. Thi s
is just a sinple sum of squares conparison. You are going to
pop back out and estimate the deviance in terns of the
Poi sson distribution. You are going to check for
convergence, going to forma new dependent variable and a new
set of regression relates that are based on this new fit
here. Then, you are going to iterate through this.

So, you have two checks for convergence, one in the
backfitting algorithm the inner loop to this algorithm and
then, once here where you are evaluating the change in the
devi ance which is the outer | oop.

S...the gam function was developed early in the
1990s and was designed for use on the personal conputers of

the time, and in order to make this run in a reasonable

anount of time, the S-plus default was set at 10- 3. So, the
| oops were stopped when there was less than a 0.1 percent
change in either the backfitting criteria or in terns of the
devi ance. Once that condition was satisfied, it thought it
had the maxi mum | i kel i hood sol ution and popped out.

In a recent letter, Trevor Hastie says well, that
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may have been a little hasty on ny part, and perhaps, wth

the inprovenent in conputing power, we should have gone to a

stricter convergence criteria, and he suggests 10- 8 with an
upper limt on 30 passes through the | oop.

SAS, |’ve checked the SAS manual, and it has now

software version 8, and it stops at 10-8. | couldn’t see from
the docunentation that there was any sort of backstop to
[imt the maxi mum nunber of iterations if this convergence
criteria was never nmet. The only thing I will say is that
sone of ny other coll eagues have cone up with some nuch nore
stringent convergence criteria, and they will be presenting
their work |ater.

So, there are two issues. One, in this nodel
fitting, are we really neeting...getting to the naxinmm
i kelihood solution? And that is an issue that the Ilater
presenters will present.

Another issue is that applying this generalized

[ inear nodel sunmary to get these coefficients for the |inear

vari abl es, does this sunmmary extract t he correct
coefficients? In particular, does it extract the correct
standard error for the linear variables when you have

nonl i near snoot hers in the nodel ?
So, are t here any guesti ons bef ore t he
statisticians get up here?

(No response.)

DR. NEAS:. Thank you for your attention.
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DR.  HOPKE: Thank you very much, Lucas.
If we all sit patiently, Lucas will hand out the piece.

Before we get into the presentations, | think this
woul d be a good tinme for us to take a quick 10-m nute break.
Now, anybody who knows nme knows when | say 10 mnutes, |
really nean 10 mnutes. So, we wll reconvene here pronptly

10 m nutes from now.
(WHEREUPON, a brief recess was taken.)

DR.  HOPKE: ...presentations from HEl to
| ook at, particularly, the NMVAPS project, so | am going to
turn it over to Dan G eenbaum

DR,  GREENBAUM Thank you, Phil. I
wanted to start, first, by thanking Lucas for a very nice
present ati on. Everybody was always wondering what a spline
was in the first place, but that was very hel pful.

In preparing for this presentation, | was rem nded

of the comment that Stan Laurel used to regularly make to

Aiver Hardy, well, it’ s a fine nmess you’ ve gotten us into

this tine, Ai. And there is a lot of work that has gone on
as a result of some very good investigation by sone
investigators, looking into their nodels and checking, and
what we are going to try to do at the outset this norning is
provi de a context for discussing sone revised results of that
wor k and HEl’s peer review of that.

I f you haven’t seen it, there is outside a package

that is provided. It has got a cover neno from ne. It



U.S. Environmental Protection Agency - Clean Air Scientific Advisory Committee
Particulate Matter Review Panel #6102-1 7/18/02 Lee O

actually has the revised results from the investigators at
Johns Hopkins and at Harvard as well as the initial critique
provi ded by the HEI special review panel for NMVAPS, and what
we are going to do this nmorning and, hopefully, audiovisua
changes willing, within a good short period of time, first of
all, ask Francesca Dominici of Johns Hopkins to present her
results and what she has been finding as she has redone her
anal yses, then Joel Schwartz of Harvard who conducted the
norbi dity anal yses in NMWAPS to present his results, and then

Sverre Vidal who is the chair of the HEl review panel and a

menber of the HElI review committee wll present sone
perspectives from the panel, having had a chance to
review. ..iterate with the investigators and give sonme both

techni cal comments and then conments on the inplications of
the results, and then briefly tal k about our next steps.

| want to just briefly remind you what the NMVAPS
project was and is, the National Mrbidity, Mrality, and Air
Pollution Study, an attenpt to address sone of the issues
that Lucas put up, sone of the questions, about selection of
cities and other things, systematic investigation of
short-term changes in air pollution and health. This was
designed, fromthe outset, primarily to allow the conbination
of individual city results, not just to look at every city,
but to allow the ability, knowing that some cities are
smal ler, have less statistical power, others are stronger,
allow a statistically valid conbination of those.

It included nortality analyses done at Johns
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Hopkins in the 90 largest cities in the United States that

had particulate matter data and norbidity analyses in 14 U. S.
cities that had daily PMg o dat a. This was elderly

hospitalization anal yses.

The original results were reported by HEl in 1999
and 2000, and it appeared in a nunber of peer reviewed
journals in the US. and in Europe as well, and there are
continuing analyses in this data set of dose- response and
het erogeneity which HElI is funding and would have been
reviewing right now but for this other thing that cane up,
but we are continuing to support those as inportant projects.

What | am now going to do is ask Francesca Domi ni ci
to come up and talk about the work that she and her
col | eagues have been doi ng at Johns Hopki ns.

DR DOM N C: Ckay, we are good to
start. Wiat | would [ike to dois | will spend a few m nutes
on the generalized additive nodel, 1 of 2, and I would Ilike
to thank Dr. Neas for a really great presentation that wll
make ny life a little bit easier, and then show you the
update of the NMVAPS anal ysis.

So, the main findings...and this is a really key
point I wanted to nmake. One...and that is the reason why we
are here...there have been sonme recent reported issues and
di scovery with the use of these generalized additive nodels
and their inplementation with S-plus software. So, there are

really two things. One is the generalized additive nodel as
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a statistical nethod to analyze tinme-series data and the
i npl enentation of this method through the S-plus software
and, particularly, the function gam and then there is a
second issue which Dick Burnett will talk about, and what he
di scovered was that by using generalized additive nodels, you
can have, in this particular situation, an underestinmation of
t he standard error.

So, you know, in parallel, when Rick and | found
this problem with the generalized nodel, what we started
doing was start to analyze the data by using a different
nodel that is a fully paranetric approach that Dr. Lucas Neas
was tal king about and so to conpare the generalized additive
nodel with the other nethods.

| will give a little bit of introduction in terns
of the single-city analyses, and one of the things...you
know, one thing | want to meke...one point | want to make
clear is that all these issues we talk for the generalized
additive nodel, lack of convergence, underestimtion of
standard error, really are issues because of the...we are
really trying to estimate an estinmated fact which is a very
small in the presence of many confounders which are highly
correl at ed. So, we are really doing a job which is
difficult, and that is why we are having problens with the
software which is available. If it were a type of rate which
were ten tines larger, all these problens, you know, would
not matter.

And, finally, | wll...and, vyou know, that s
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already of high interest to really show you the NWMWAPS
reanal yses under two different dosinetry nodels, and,
basically, what we found is there was no qualitative change
in findings.

So, things we decided...and we are going to go
gui ck, because now, after your gam 1-1 and time-series study,
you should be very famliar with that, so, what we do here
is, you know, the NVMMAPS and time-series studies in general
our goal is to investigation association between day-to-day
variation in air pollution and nortality, taking into account
several confounding factors. And the nost inportant part
whet her short- or long-term trends determne nortality and
seasonality, and the goal is to estinmate nortality rates
associated with short-term exposure on the order of days.

So, one of the things to keep in mnd differently
fromthe cohort study, what we do here is really to estimte
short-term effects. So, if there is a high level of air
pol lution yesterday and two days ago, is there going to be an
el evated rate of nortality the day after or, you know, a few
days | ater.

The statistical approach...and, you know, that is
following up with the previous presentation, in a sinplified
way, is how we do that. So, how do we estimate association
bet ween day-to-day variation in nortality and day-to-day
variation in air pollution taking into account confounding
factors through what 1is called the generalized additive

nodel ? And this is the only equation that | have here. Wat
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we do is we nodel the logarithm of expressed value of
nortality on a particular day as a |inear function of the air
pollution. Beta is the paraneter of interest, and then, this
is our...you know, our nightmare in the last...you know, nmy
ni ght mar e, for sure, and these are the tw snooth
functions...we have many nore than that, but these are the
two snmooth functions of tine and tenperature, and the nunber
of degrees of freedom will neasure the level of flexibility
of the snooth function.

So, to give you an idea is that the confounding
effect of time and tenperature on nortality are nonlinear.
So, to give you an exanple, we know that nortality tends to
be | arger at higher tenperatures and at smaller tenperatures.
So, really, t he relationship bet ween nortality and
tenperature is in a U shape. That is why | need to include a
smoot h function here, a nore flexible function, to take into
account for that.

So, the idea here is to estimate this beta which is

percentage increase in nortality per 10 units increase in PM

10, taking into account time and tenperature,. Actual ly,

really, the generalized additive nodel that nost coll eagues
are using is much nore conplicated than that, but here, |

just want to nmake the point that this is an air pollution
effect, this beta/ PMg. These are the nonlinear confounders.

Now, how do we estimate the snpboth function? So

the generalized additive nodel has been the comon choice
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The generalized additive nodel now is comng back just
because we are being borne out, but, you know, sonme of the
i ssues in the generalized additive nodel, but really, we don’t
know yet which of the two is the best one, you know,
considering that, you know, we can find the best one.

So, really, the issue here is that there is a
substantial wuncertainty within a given city. So, for any
given city, we try to estinmate a small pollution effect
relative to the potential confounding effect of season and
weat her. So, the idea how do we control for season trend and
weat her ?

Well, there is not a best way to control for these
factors. What we can do, we find a reasonable way, and then
we can see how the results change under a ten alternative
reasonabl e ways, and that is what we have been doi ng.

But, you see, the point is that how we control for
these confounding factors really affects the estimtes of
GAM the problemof the standard error, and so on

So, to put things in context, what this picture
shows, the black lines are the estimates of the snooth
functi ons. So, the black conponents of this graph is the
signal that conmes from the confounding factors, and the red
part of the graph is the signal that comes fromthe pollution
ef fect. So, what statisticians try to do is they try to
explain the total variation in nortality by confounding
factors or by air pollution, and you can see that the signa

of air pollution is orders of magnitude smaller than the
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signal for confounders.

Not only that, but if you look carefully at...|l am
not sure you can see it, but there are sone situations where
the air pollution signal, the red line, and the black Iine,
the confounders, are co-related. So, the higher the
correlation, the higher they have to find, one wth the
other, to explain the variation in nortality, the longer it
is going to take the software to converge. So, this is
really why we are having these problens. Oay?

So, the red air pollution, we are trying to
separate out that signal which is snmaller than the
confoundi ng factors. So, what are, again, the statistical
i ssues?

One, convergence. So, what we found was that the
default parameter in the GAM were not adequate. W are not
sure of the convergence of the algorithm How | found that,
well, | was doing an anal ysis where the degree of correlation
bet ween these two conponents were |arger and | arger, and, you
know, if you think of these two conponents were |ike one on
top of each other, the algorithm wll probably never
converge. The nodel will not be identifiable. Ckay?

So, | was increasing the correlation between these
two nore and nore and nore, and | was getting the sane
answer, so then, | was getting worried about it. So, we went
inside the software, and there was, you know, several default
par amet er s. | mean, we changed 4, but there are 12 default

paranmeters in the open source, and the GAM software is, you
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know, five or six pages of codes. So, just to give you a
sense, it is not sonething which is easy enough.

One thing we need to keep in mnd, though, that
they default parameters are not a direct input function
of ...you can change the default, but they are not an input,
so it is not sonething that you are going to look at first
thing that you will do.

So, anyway, but what we found was that the
algorithm was not converging, and so, we perfornmed a
simulation study which I am not going to show today to see
okay, now, if the default which was set to -3 were not, you

know, adequate, how we can go down to nmake sure that we are
getting the right answer. | mean, you know, is it 10-3, 10-6

is fine, 1008 is fine? You know, it is actually 10-15 is

fine, so that is where, you know, we really | owered down from

10-3 to 10-15, and the pooled estimate of the NVVAPS st udy
nmoved from 0.41 percent to 0.27 percent, but then, | am going
to hold off on this one.

This is the second issue which | am going to talk
of very little, because that is what Rick Burnett wll talk
about. So, in parallel, R ck was finding out this problem on
estimation of standard error with the GAM and this is a
core, by the way, independently, if you use the defaults of
the convergence paraneter, and it 1is actually, for us,
whenever you have nmnulti-cities studies, the problem of

underestinmation of the standard error is really a problem for
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the single-city studies, but it is not a problemfor...it is
|l ess of a problemfor the multi-cities studies.

And then we said, well, now, we have the problem
with the convergence, we have the problem with the standard
error. Let’s pick an alternative nodel which uses a different
estimation approach, and let’ s redo everything with this
alternative approach, and let’s see what we find.

So, there is really not a true nodel alternative
for the NMVAPS dat a. What we found is that the generalized
additive nodel was giving less bias estimates than the
general i zed additive nodel.

So, this is really what is happening. So, these
are the margin of percent of distribution of the effects.
So, this cord seen on the positive line, the center of the
cord is the pooled estimate, and how this cord was spread is
how nuch certainty we have. Okay? So, the red cold was the
original estimate which was a center of 0.41...1 am sorry.
The black cord...the black cord was the original estimte

which was a center of 0.41. Wen we basically used the nore

stringent convergence paranmeter from 10-3 10 10-15 what is
happening is this cord of the black shifts to the red on the
left. You see?

Now, on top, though, what | want to neke...you see
this 1-1, this is the probability that the relative rate is
positive, and you can see it was 1 before, and it is 1 now.

Then, what we did on your right colum, we said
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okay, now, forget about GAM and |et’ S use a generalized
linear nmodel which is the fully paranetric approach which
does not wuse a backfitting algorithm It uses just an
iterative relative square. So, you can see that is a little
shift which probably has to do with the less flexibility in

the generalized linear nodel, but still, you know, we nove
fromO0.27 to 0.21 percent probability that these effects are
positive that this cord lies on the positive line. So, the
effects are small, but it is there.

Wl |, j ust very qui ckly, t he probl em  of
underestinmation of the standard error doesn’ t really affect
multi-cities studies very nmuch, and these are...l redid all
the analyses by taking the city-specific standard error and
then taking the sanme city-specific standard error mnultiplied
by 2, take the city-specific standard error and divide by 2,
and you see that the pooled estimate is very simlar.

The reason is because the variance of this core is
the w thin-variance plus the between-variance. So, if you
underestinmate the within-variance, that will be picked up by
t he between-variance, and so, the total variance will be the
sane. So, that is just to say that wunderestimation of
standard error is really inmportant issue for single-city
studies and less of an issue for nmulti-city studies.

Finally, that is the really the point to say that
the problem with the GAM the bias in the GAM it really
depends on two factors. One is how large the beta is, the

relative rate estimate, and how large is the correlation.
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So, what this power is which is a token color that | nmade
here. So, blue is bad. Blue nmeans that GAM is biased. GAM
is not estimating the right parameter. This is a sinulation
study. Ckay?

So, you see when | nove the relative rate estinmate
here from 1 to 0.05 percent, so how the relative rate
estimte goes down, the bias tends to go up. Also, how the
correlation between the confounders and the air pollution
goes up, the bias goes up. So, smaller relative rate, |arger
correlation between the estimte, nmke the problem nore
difficult to solve and nake the algorithmin the generalized
additive nodel, you know, really tricky, and you can have a
| ack of convergence and bias estinmate.

So, it is really...you know, this is why you wll

not...it is not that you are going to see the problem with
GAM or you are going to see change all the tine. It really
will depend on what is the level of correlation between the

covariants, how you adjust for confounding factors, and how
small is the coefficient that you are going to submt.

So, now, getting to the NWMVAPS anal yses, what we
did. So, what we did is we reanal yzed the entire NVVAPS data
base by using the sane exact what we were doing before and,
you know, just using nore strict convergence paraneters, and
then we reanalyzed it by using a different approach, the
generalized additive nodel, with natural cubic spline which
is what Dr. Neas was tal king about which is an alternative

nmethod which is a fully paranetric nethod and uses a
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different estinmation of precision.
So, the NWVMAPS reanal yses have been done. Ther e

was approxi mately 30,000 nodels, and | can assure you it was

a lot of fun. So, now, what this picture shows is the
estimates from the generalized I|inear nodel versus...so,
then, the new estimates...by new estimates, | nmean the

estimates from the generalized |inear nodel, just because |

want to be very conservative and | don’ t want to, you know,
have to do with GAM for a while, please, and these are the

old estimates, and you can see each dot is one of the 90

cities.

So, you can see, actually, | nmean, these estimtes
are pretty good, lined up on the yellow |ine. It does show
that, you know, under the old estimates, it was a little bit
nore larger volume than before, and is the problem with the
standard error which Dr. Burnett is going to talk about, and
you see this is the old standard error versus the new
standard error, and it is the problem of wunderestination.
So, now, the new standard error is going to be larger, a
little bit larger than before.

Now, in terns of heterogeneity...and it is also a
very inportant issue...well, first of all, before, also,
there was not very nuch heterogeneity. Now, there is even
| ess heterogeneity, and the reason why there is even less is
because we have even larger city- specific standard error.
So, thereis a little bit larger within-city uncertainty.

So, it is true that single-city estimtes might
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vary a lot, but there is so much uncertainty in that that,
actually, the heterogeneity is not so substantial.

So, to show you the national maps, you see on top |
have the national maps of air pollution effects. Now, the
color scale, you know, noves from -4 to 4. That is the
estimates of the relative rate of nortality. So, the yellow
and red points are the positive estimtes, and the blue are
the small or negative estimtes. These points are nuch
|arger as the nore certainty we have above the estinates.
Okay? So, keep in mnd these are estimates. W don’t know if
these are true, but we can say how certain we are about the
truth.

And you can see that the city- specific...and, you
know, each of these estimates is obtained by just using the
data for that city. GCkay?

Now, you see that, you know, these city-specific
estimates vary quite a |ot. | nean, they go from -4 to 4
percent. However, there is a substantial uncertainty, and if
you |look, the cities with the blue dots are the snaller
estimates. Wiy? Because the snaller estinates are also the
ones with the larger uncertainty. That is why when we pool,
we obtain a positive estimate.

Now, what is the boundary, the division estimtes?
How we do that, we do a spatial snoothing, and we take the
data for each city and take into account for the spatial
correlation between the neighboring city, and you see there

is a substantial shrinkage, and now, these estimates vary
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from 0.1 to 0.3 percent. So, these effects are snmall, and
they are heavily shrunk toward the other nean. The reason
why we do that is because there is so nuch wthin-city
uncertainty that they shrinkage is substantial.

So, this one also shows the pooled effect for total
nortality at lagl under the three nethods and under three
different methods for pooling. How the 90 city-specific
estimates were pooled, you know, also that depends on
which...you can...what | amtrying to say you can conbi ne the
information across the 90 cities many different ways by using
different statistical nethods and still derive that the red
and the blue and the green is just to show you the pooled
estimates by using just a fixed effect, run with the effect
nodel, run with the effect nodel, and the nore conplicated
machi nery which is the Monte Carl o Markov chain met hod.

Now, these three are the one, the original one, you
know, which are centered on 0.4. These are the GAM when you
use the multi-cities convergence paraneters. These are the
generalize linear nodel. So, you see they go fromO0.4, 0.7,
21, all positive.

These were also the reanalyses of two key results
of the NMVAPS. These will show the nmaximum percent
distribution for total nortality which is the red color,
cardi ovascul ar and respiratory nortality which is the black
and the blue one are, of course, is nortality. Again, this
color seen on the positive line, all the effect for

cardiovascular and respiratory disease is the |largest,
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exactly as before, positive that these effects are positive,

at 1, alnost 1, exactly as before. On the right panel, you
have the pool ed effect of PMg under...well, maybe...five
different nulti-pollutant nodels.

So, what we did is we estimted the city-specific

effect by using PMg only and then PMg that woul d include
ozone, and then PMig that woul d include ozone and NOy, PMg

and ozone and SOy, PMjg and ozone and zero. So, now you are

getting a sense of why there were 30,000 nodels. And then,
we pooled the 90 cities, and you see that, basically, the
color is, you know, simlar. All sit on the positive Iline.
The percent estimates are | arger than 0+1.

Finally, this is really, | think, one of the key
features, because how | start...| observe, you know, this.

However, we say the adjustnment to the confounding factor is

key. It is key, because it really explains lots of the
signal. It is key, because it is really going to tell us how
big the coefficients will be, how l|large the correlation wll

be, how much trouble we are going to get with the GAM and
al so, besides that, we don’ t know the best way to adjust
for...personally, I don’ t know. . . maybe sonebody el se
does...but | don’t know what is the best way to adjust for
conf oundi ng factors.

So, what we did and what this picture shows is at
the pooled estimtes of the 90 cities under 10 alternative

scenarios of adjusting for confounding factors, and the red
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one is our estimates, our fampus 0.21, and then the other
one, what we did, you see that in the right one, there is a
nunber 222 whi ch means how we specified the nunber of degrees
of freedom In the center is your tine and dew point. And
that is 111 which is what...this nmeans that | took |ess
nunber of degrees of freedomthan standard, so | control |ess

strongly for confounding factors than before.

So, you see that if | control Iess for confounding
factors, of course, | lead to a pollution nore tinmes to
explain, and the effect will be larger. If I control nore

this plot goes nore. But the picture is that estimtes can
vary between 0.3 to 0.2, but there are very few there.

So, concl usion. So, then ny study conclude that
there are three inportant conclusions about air pollution and
nortality. There is evidence of an associ ati on between acute
exposure to particulate pollution and daily nortality. This
association is strongest for respiratory and cardiovascul ar

causes of death. This association can now be attributed to
ot her pollutants, including NOy, CO ozone, or to weather.

These findings are basically unchanged, are
gual itatively unchanged. This color shift on the left a
little bit when using GAM with six convergence criteria or
G|l am

That is it.

DR.  GREENBAUM If there are any quick

fire power questions for people...go ahead. W are going to
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try to have a little tinme afterwards, but...

DR.  MCCLELLAN: You showed the slide in
which you had the posterior distribution for the reanal yzed
effects when you included the other pollutants, and early on,
you noted that the air pollution signal was an order of
magni tude smaller than the confounder effect. Can you tel
us what the effect was on the individual other pollutants in

this nodel as a result of your analysis? In other words,

what is the effect of ozone, what is the effect of NOpy, what
is the effect of SOy or CO?

DR DOMNC: Wll, first of all, let ne
say that the reanalyses of the main effects of the other
pollutants are still ongoing. So, | amnot ready to say how
have been the change of the effect of ozone and the other
pollutants on nortality from the older analysis to the new
anal ysis, Dbecause we haven’ t finished that yet. But ,

previ ously, what we had...and that is in NMVAPS report nunber
2 where the main effect was ozone and then NOp, and there

were |like, you know, we haven't seen any mmjor effect of other
pollutants on nortality except an effect of ozone for sone,
but I cannot comment on the effect of the other pollutants on
nortality data in the new anal yses, because they are stil
ongoi ng.

DR MLLER  You noted that your analysis
for synthesis and other degrees of freedom that you used for

time and weather and so forth. VWhat kind of sensitivity



U.S. Environmental Protection Agency - Clean Air Scientific Advisory Committee
Particulate Matter Review Panel #6102-1 7/18/02 Lee O

analysis did you do to conme into a reasonable nunber? You
nmentioned in your exanple there are seven, you say, expected.
What is your criteria for determning that? Because | would
think that that eventually drives the analysis.

DR DOMNICI: Right, so this is why, you
know, | included tinme so that this was the key feature, and,
you know, let nme reiterate that. You are right. | nean, how
you specify the nunber of degrees of freedom how you adjust
for confounding factors is inportant.

So, what we did, we said well, we specified seven
you know, nunbers of degree of freedom seven for here as a
function of time and space and tenperature, because based on
exploratory analyses, they were, you know, adequate to

control as nmuch as we can, because we want to nake sure that
we are not cunulative to PMg effects for tenperature. So

these were...was the first stop with sonething that we felt
confortable, and based on exploratory analyses, we were
taking out fromthe analysis the confounding effect.

But, you know, there is really no better way to
adjust for confounding or, at |east, you know, our group, we
didn't decide to take the fastest way, and so, what these
plots show is that okay, what we do nowis if this is what we
think, and now, let’s take ten alternative ways which are nore
or | ess reasonable which reflect nore or Iess drastic contro
for confounding factors, and let’ s redo everything under ten

alternative ways.
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So, what these ten estinates show you is what is
the result, the nmain results of the Mason argunent and the
results of ten additional errors, and what we see is that
city 4 here is a little larger. Wwy? Because there, we are
using a snaller nunmber of degrees of freedom So, it neans
that we are controlling for seasonal and tenperature |ess
drastically which, you know, for sonebody else, night be the
appropriate way to do that, but in this way, you see that
this is a just a little bit less, you know. But still, |
nmean, | found this picture quite reassuring in ternms of how
the pooled effect is, you know, it is robust when adjusted

for confounding factors.

DR MLLER  \ell, guess ny point would
be that it argues to go for a greater nunber of degrees of
freedom for these particular variables, and when you have a
50 percent change in the estimate by it, | don’ t think that
is...can be defensible for having on the left-hand side the
smal | er nunber. So, the way you would get at this would be a
simul ati on anal ysi s wher e you actually constructed
distributions and not...you are having to work wth rea
data, so | realize you can’ t extract all that, but it

di sappears.

DR GREENBAUM I am going to suggest
that we are going to have further discussion on this point,
and maybe rather than sort of taking all the tinme here, it is
not that...it is not an uninportant point, but | think that

we shoul d nove on to the next speaker.
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W are going to do a little switch in technol ogy
here and turn on the overhead projector, and assum ng we can
get this...

| just wanted to make one coment before he starts
which is to rem nd people...we’'ll talk about this a little bit
later, but this is, in part, in response to Roger’ s question
This was an effort, obviously, to do a lot of these further
anal yses prior to this neeting. We have, from day one, on
May 30th when we wote our letter, indicated that our
intention at HElI is to continue these analyses past this
point wth a goal...and that is in response to other
pollutants, with a goal being a fuller report on the anal yses
and a full comentary from the H review committee by this
fall. So, that is...so, we have also been asking the sane
guestion, as have the investigators, and as Francesca
i ndi cated, 30,000 analyses is a lot of work to do, and they
wanted to do it right this tinme. So..

Thanks.

DR. SCHWARTZ: (Ckay? So, | would like to
continue discussing the reanalysis of the NWMVAPS study and
focus on...do | have no input?

DR, GREENBAUM | thought he muted it.
Did you nute it? Sorry.

DR. SCHWARTZ: So...and talk about

nmor bi dity anal yses and maybe cone back to sone questions that

were raised.
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So, to review the issues, we have a lot of these
studies that have been published. What, exactly, is the
probl en? The problem is, one, that the default convergence
criteria in GAM happen to have been set too |axly. el |
that is easy to fix. Wrk. Not everything, but that is not
a maj or problem

The second problem is that the standard error
estimated in individual cities were estimated using an
appr oxi mat i on. You remenber what Lucas said where it takes
every variable you fit nonlinearly, and it goes off the
linear part, and then it fits the nonlinear part separately?
It turned out it only used that |inear part in estimating the
standard error, because it was a nuch conputationally
difficult job to do it right, and that was an approxi mation
t hey made back in 1990.

So, the software really needs to be updated to get
that right. So, that is a bit nore of a problem

So, the question is, what are the inplications of
t hese findings, one which Francesca identified and one that
Rick Burnett identified, on the conclusions of the |Iarge,
multi-city, tinme-series studies that have underlied the tine
period section of the Criteria Docunent?

VWell, the convergence criteria issue. At this
point, all of the large, multi-city studies have been
reanal yzed with the stricter convergence criteria, so we know
the answer to that, and you are seeing sone of the results of

that, and the answer is that the major findings still hold.
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Not only is there still a positive association wth
particles, as you just saw, there was no change in the

coefficient of particles when you control for ozone or ozone

plus CO or ozone plus COplus 2. It just didn’t matter, and
Il show you the results now for other NVWMAPS and |ater for
some other studies, and you wll see that that basically
turns out to be the case.

What about the standard error issue? Vel |,
Francesca nmade a very inportant point. The standard errors
are underestimated in individual cities if you use GAM but
if you do a nulti-city study and you conbine all the results,
the standard errors are really, basically, not affected in
your overall estinmate, and that is because, in the old
anal ysis, we underestimated how val uable our individual city
estimates were, but then what happened is it |ooks |ike gee,
the variations from city 1 to city 3 in the estimte was
bigger than you would have expected, given those tight
standard errors.

And it is the overall variability of t he
coefficients across all the 90 cities that contributes to the
standard error of +the nmnmeta analysis, and now we just
partitioned it differently. The within variance is a little
bi gger, and the between variance is a little smaller, but the
standard errors don’t really change in the neta anal ysis.

So, in ternms of deciding whether we want to go wth
the GAM nodels or with the totally paranetric nodels that don

t have any of these problens, standard errors really shoul dn't
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be rmuch of an issue. W should worry about, you know, which
do we think are doing a better job of fitting the data, and
there, as Francesca said, it is not clear yet. There are
argunments on either side, and I’'ll show you sonme of those.

But, basically, the standard errors you saw before
di dn't change. The effects side nmethod has changed a little,
but the standard error from the NMVAPS study with the new
natural spline nodel is identical to the one that was in the
Criteria Docunment before.

Now, that is also true for the standard errors from
the NMMVAPS norbidity analysis, and we only had 14 cities in
this analysis, and we had a tougher job, because all of our
cities had daily data, so our within-the-city standard errors
were smaller, but, nevertheless, if you |ook at the standard
errors from the conbined effect for hospitalizations for
heart disease in the old GAM nodel and the GAM nodel with the
new convergence criteria and in the nodel wusing natural
spline, they really don’t change, and that is true for COPD
adm ssions, and it is true for pneunonia adm ssions as well.

So, the standard error issue is not really an issue
in these nulti-city studies. Gkay?

You will also notice that the standard errors for
COPD and pneunpnia are a |lot bigger than for heart disease,
and that is because a lot nore people per day get admtted
for heart disease than for these respiratory conditions, so
you have a | ot nore probl ens.

Now, Lucas did a great job explaining the splines.
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| just want to add one little point, and that is what we do,
we could fit a polynonmial to control for tenperature. e
think tenperature, you know, cold days are bad, and very hot
days are bad. So, we think it mght look sonmething Iike
this.

If I fit a polynomal, the problem with fitting a
pol ynom al is polynom als have symmetry. You fit a parabol a,
the left-hand side and the right-hand side are identical.
They are mrror inmges.

But the effects of cold and hot days don’ t have to
be mrror inages. Bi ol ogy doesn’ t have to be so symetric.
So, that is why it is nice to have sonething that is a little
less symmetric if you are seeing it, and what a spline does
is we can put a knot point right over here. That is where we
put the pin, and we can bend it differently on each side.

VWhat we are really doing, all we are doing, is we
are taking one polynom al here, and we are fitting a second
pol ynom al over here, and we require that they neet up at the
knot point, because it is sort of enbarrassing if they don’ t .
Ri ght ? So, we are subjected to that constraint, but all
these natural splines, to denystify one nore step, is we got
one polynom al here and one polynomal here. If you want to
control for season, you can have a separate polynom al for
every three nonths of your, you know, tinme period. That is
what those splines are.

The down side of spline...that is a |ot better than

sinple polynom als, having these polynom al splines, but the



U.S. Environmental Protection Agency - Clean Air Scientific Advisory Committee
Particulate Matter Review Panel #6102-1 7/18/02 Lee O

down side is that it can be sensitive, as Lucas said, to
where you happen to drop the knot, and that is no different

t han, you know, people used to categorize their data to | ook
at the dose- response, and everyone noted that, depending on
how you group the data, you can nmake the curve | ook |inear or
nonl i near . So, everyone started saying well, let’ s just use
qui nt ods. So, the conputer picks the arbitrary points, not
you, but that doesn’t make the sensitivity go away, and it is
al so the issue here.

Whereas a snooth, you would take the little w ndow
like this, you take the average, take the average of all the
points in that w ndow, and then you just slide that w ndow
al ong, and you just keep on sliding and drawing a curve. So,
there are no knots to fit, so that is the nice advantage of
snoot hers, and that is why they were invented, and that is
why we |ike them

Now, so what are the answers when we reanal yze the

NMVAPS norbidity studies? So, for cardiovascul ar disease,

the overall effect estinmate, using GAM wth the old
convergence criteria, was a 1 percent change per 10 F g of
increase in PMg. |If we use the new GAMcriteria, it is a 1
percent change for a 10 F g increase in PM o . If we use
regression splines, these B-spline polynomals, it is a 1
percent change per 10 F g in PM o . For cardi ovascul ar

hospi tal adm ssions, it doesn’t change.

For COPD, it changes as little, 1.9 percent down to
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1.7 percent, and then with the splines, it is |lower there
| t is 1.33 there, but , agai n, highly statistically
significant. The basic nmessage is the sane.

For pneunonia, there is very little change with the
new convergence criteria using GAM using snooth functions to
control for season and weat her, but when we use splines, then
we do get a big drop in pneunbnia. So, | want to conme back
to that.

But, first, let ne nmention that Lucas spoke about
B-splines and natural splines, and natural splines are
constrained to be linear at the end. So, it occurred to us
that maybe that wasn't the right thing to do for weather where
the extrenes can really blow up. So, we refit all of our
nodel s using B-splines instead of natural splines and redid
the nmeta analyses, and the effect estinmates for PM don
really change. | don’ t know if the weather predictions
change, but the effects estimtes of PM don’t change dependi ng
upon whet her we use natural splines or B-splines, but | did
prepare a table on that.

So, what wll happen to the pneunonia? Well, it
could be that we are nore uncertain about that. W don’t have
that many hospital adm ssions for respiratory disease, and
they could bounce around a bit. But it could be that it has
sonething to do with the greater flexibility of snoothers
versus splines.

This is a plot of the residuals of the pneunonia

nodel s in Chicago using a snooth to control for season, and
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this is for a wndow of 200 days, and you |ook at the
residuals, and they |ook beautiful. Ri ght ? Random y
sticking around at zero.

This...these are the residuals from the nodel when

we use the natural spline with the sane nunber of degrees of

freedom at the LOESS curve, and, you know, they don’t so nice.

Now, this, wundoubtedly, 1is due to the fact that the
conputer...the whole algorithm of dropping a knot every so
many observations just happened to hit the wong days but
from that point relative to sone, you know, epidenmcs or
sonething like that, but that...and this is the only one of
the 14 cities where we saw sonething like this, but it does
illustrate the fact that snmooth curve are a little bit nore
flexi ble, and you don’t get those things.

So, it is one of the argunents for whether or not
we prefer to stick to the GAM the extended area, so it doesn’
t really matter in the neta analyses...or go wth the natura
splines. As Francesca said, | don’ t think the answer
perfectly clear, but that could illustrate one of the sides
of the argunent.

Fortunately, the conclusions of the NWMWAPS study
don't really depend on whether you go wth the snpoth
functions or you decide to go with the natural splines.

It is not just the basic results that don’ t change.
Al'l the other things that we did with this data don’ t change.
This wasn’t in the original NVMAPS report. W |ooked at the

sort of things that might explain heterogeneity, and we

S
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| ooked at, you know, incone and poverty and race and all
these other things |ike John and Francesca did, and we didn t
find anything. But later, we went back to our data, and in a

subsequent paper with Collin Hanson we did find sonething.

W found that the coefficient from the PM 0 ef fect

hospi tal adm ssions for cardi ovascul ar di sease increased with
the percent of PMyg em ssions from hi ghway vehicles, and this

is now the result using the natural spline nodel, and you see
the identical thing.

And these are the sane bubble spots that Francesca
spoke about. The bigger the bubble, the nore confident we
are that this nunber is really here as opposed to, you know,
there or there. kay, so, the small points have w de
confidence intervals. That is because, to your eye, big
t hi ngs | ook big. Right? So, diffusing the other bars gave
exactly the wong nessage, and that is why these plots were
i nvent ed.

So, we are still seeing the sane patterns of

het erogeneity in the second nodel ..

DR.  MCCLELLAN: Coul d you explain your
scal es there?

DR, SCHWARTZ: kay, yeah. This is
actually the regression focus. So, this 0.001, that is 1

percent increase in hospital admissions for 10 F g/ m3

and that is 0.5 percent, and that is 1.5 percent. So, as you

go fromthe low end here, you know, where you are at naybe

on

PV
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0.7 percent

know, double that, getting close to..

DR MCCLELLAN: What is

down bel ow?

DR SCHWARTZ: Thi s

i ncrease to the high end where you are maybe,

is the percent of

you

the percentage

PM

10 em ssions from hi ghway vehicles fromthe AIRS web site for

the city in which we did the study.

DR.  HOPKE: Based on the em ssions
i nventory?

DR SCHWARTZ: Based on the em ssions
inventory which is right...but, you know, | don” t know that
they are created right, because |I don’t know the terms, so |

we published this analysis showi ng that,

So. ..

can’t answer...so,
basically, it looked like traffic particles were nore toxic
t han average. That still seens to be true.

DR. MCCLELLAN: Does it

al so say that it

| ooks |ike a large portion of the PMjpg effect is associated

with that small portion of the PM that is comng from
vehi cl es?

DR. WHI TE: Yes, because the intercept is
| ow.

DR.  SCHWARTZ: Yeah, and the intercept
isn’t zero. The intercept is about, you know, half. So, if

none of the em ssions are com ng from vehicles,

half the effect conpared to if all of

you get about

the emnm ssions are
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comi ng from vehicles. As a matter of fact, there are two
rings.

DR MCCLELLAN: W can still play all
ki nds of ganes with nunbers, | guess.

DR SCHWARTZ: Now, one of the comments
that was nmade on the NMVAPS study was that not many of the
individual cities were statistically significant, and if you
| ooked at the new analysis versus the old analysis, a bunch
of the key statistics noved around back and forth across 1.9.
So, then, that is not really an appropriate way to tal k about
the NMVAPS study which was as hierarchical study designed
fromthe start to produce a conbined effect estimate, and, in

particular, the NVWAPS nortality studies include |arge
nunbers of cities that only have on the order of 50 PMg

nmeasurenents a year. They have one 6-day nonitoring, and
t hen, usually, the equi pnent breaks.

So, they don’t have a |ot of power. So, you would
expect not a lot of the results would be significant, and the
key statistics would bounce around because of that, and the
power of the study is that there were 90 of them Ckay?

To illustrate that in our part of the analysis, we
did restrict the cities with daily PM g data, so we have nore

power at each of our individual cities, and this is a plot of
the old T statistics versus the new T statistics using the
natural spline nodel which has none of the problens that were

identified. GCkay? And, again, the main design of the study
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is to produce an overall quantitative sunmary.

So, whether or not one city is statistically
significant or not really doesn’ t matter, but you see that
with nore data per city, we have nore of the individua
cities being significant. You also see that there are no
cities that used to be significant but now ..that were above
1.96 but now are bel ow There are no observations in that
guadr ant .

There is one city that used to be insignificant
that we have significant, but, basically, things don’t change.
The insignificant cities stay insignificant; the significant
cities stay significant, and the overall ef fect i's
overwhel m ngly significant.

| want to say one final thing about the question of
covariant control. Season is a very strange variant.
Season. .. season doesn’t do anything to you. Right? Season is
a surrogate variant for things that happen differently in the
winter than in the summer.

And what we need to do when we control for season
as opposed to sone real causal variable is we are using tine
as a surrogate to deal wth the fact that, for sone
pollutants, the pollutants tend to be high in the winter and
low in the summer. OQher pollutants, it is vice versa. And
there tend to be patterns of nortality or of hospital
adm ssions that are the sanme way.

And the idea is that if we take out the seasons and

focus on shorter-term fluctuations, we have renoved that
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potential confounder, but the issue is to leave the
shorter-term fluctuations. That is to say we have sone idea
of the tinme scale in which we think it is appropriate to
| eave the fluctuations that nmay be or not be correlated with
air pollution.

So, arbitrarily throwing nunbers of degrees of

freedom at seasons doesn’ t do that and can create sone

problens, and | just want to tell you an exanple which is
unrelated to air pollution that illustrates that. You are
all famliar with the heat wave that hit Chicago in 1995
causing a large nunber, hundreds of excess deaths in the
sunmmer .

So, this is a snooth curve of five years of Chicago
nortality data surrounding that period with seven degrees of
freedom per year which is the default that Francesca used to
be conservative, and that point out on the end of her graph

i s when she used 14 per year. |1Is that correct?

DR DOM N Cl: Yes.

DR. SCHWARTZ: 14 degrees of freedons are
here. They were doubled, and at that point, the coefficients
weren’t changi ng anynore, by the way. And what you see is
here is a winter peak, a sumer trough, a wnter peak, a
summer trough

And | ook at that. The seasonal fit is clearly
explaining some of the effect that we know is due to a
short-term environnmental variable, nanely, the heat wave.

And, therefore, when we try to nodel the heat wave here, if



U.S. Environmental Protection Agency - Clean Air Scientific Advisory Committee
Particulate Matter Review Panel #6102-1 7/18/02 Lee O

we use this many degrees of freedom we would underestinate
the effect of the heat wave. And if it can do that to
tenperature in heat waves, it can do that to air pollution.

So, we do need to be careful not to throw the baby
out with the bath water and not to fit nopdels that contro
for fluctuations on such a small tinme scale that they take
out the effects of air pollution.

And | can show you another plot. This is from
Houston with seven degrees of freedom per year, and you can
see, again, there seens to have been a heat wave in Houston
that we know explains it.

But, also, look at this. Here is a little blip
that occurred in the spring. |Is that the seasonal pattern of
nortality? Can you see where it is at? Sonething happened
at that particular tine in that year, and if the latter, don’t
we want to let tenperature or air pollution see if they can
be the thing that explains that little blip happening at that
time in that year?

And the other thing that you can see is this is the
correlation between the nunber of deaths per day today and
t he nunber of deaths yesterday with a lag of 1, two days ago,
three, four, five, six, seven, all the way out to
thirty-five, a partial auto- correlation function. GCkay?

Now, we think deaths are independent events. \Wen
| control for weather and season which produced positive
correl ati ons between how many people died today and how many

peopl e died yesterday, what | should be left with is small
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correlation coefficients that fluctuate randomy around zero.
But when | use seven degrees of freedom per year, | don’t get
that. They are all negative.

And any electrical engineer will tell you that if
you take a digital filter and you use a two-speed cutoff, you
will induce ringing at higher frequencies, and that is what
we are seeing. W are inducing distortion.

So, there are other down sides to over fitting.
So, we don't want to under fit, but we don't want to over fit.

So, I wll end with that and take any questions
t hat you may have.

DR, GREENBAUM Thank you, Joel. Are
there any rapid fire questions? Roger already asked one.

DR SCHWARTZ: Oh, and | should nention
we don’t see any heterogeneity left in our data anyway,
either, even though we can explain sone of the heterogeneity
with the percent of particles entrapped, so it is not that
you shouldn’t look to see if there are signs of that, but, in
general , there doesn't seemto be heterogeneity left.

DR GREENBAUM  Yeah?

SPEAKER: Joel, your Chicago exanple, as
you know, the snoothers use far |ess approxi nate degrees of
freedom to predict the sane residual variance. Did you try
to optimally nodel the Chicago data for natural splines?
Because you said that you kept them both the sanme degrees of

freedom and | thought maybe if you added nore knots, you may
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expl ain that peak better.

DR,  SCHWARTZ: Ch, for that pneunonia
t hi ng?

SPEAKER:  Yes.

DR.  SCHWARTZ: Yes, | could, | am sure,
or, frankly, I think if | used the sane nunber of degrees of
freedom and nove the knots...right...l could nake that go
away. | am sure that is true, and I wasn’ t putting that out
there to say that natural splines are a terrible thing to do
but just to show that natural splines can be less flexible
and, occasionally, you can get into trouble with where the
knots have | anded. You could use nore degrees of freedom
but that, as | tried to show here, if you use too many
degrees of freedom for season, you start getting into other
t hi ngs.

So, you know, exactly what the best way is, |
think, still remains to be played with, but | think the
overlying nessage is that the answers don’t really depend very
much on that, that we get the same results whether we use the
natural splines or the snooth functions, and they haven’
changed the bottom the studies in the Criteria Docunent
except that some of the paraneter estinmates of changed, and
ot hers haven't really changed to any significant degree, but

sone have, but the overall conclusion seens that way.
DR. GREENBAUM  Thank you.

DR NEAS: Can | ask whoever muted the
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conputer to unnute it now? This person doesn’'t seemto be in
t he room

In introducing Sverre Vedal, | wanted to just
comment on two things. One is to be clear that the NMVAPS
st udy, like every other HEl st udy, Is subjected to
i ndependent peer review by our review comrittee who are not
involved in the devel opnment of the study or the oversight of
the study itself.

What the review panel has been | ooking at involves
the revisiting of the analyses done in the original NWMWAPS
work that was published in 1999 and 2000. So, that includes
everyt hing that Francesca Dom nici has presented this norning
is in the docunent, and the first part of what Joel Schwartz
presented this norning which includes his attenpt to redo the
nunbers specifically for norbidity in the 14 cities.

They had not seen prior to this, nor would they
normally be reviewing, the redo of a published paper, for
exanple, the one relating to highway work or the discussions
about degrees of freedom although, as | think you are
seeing, the issue of degrees of freedom is getting sone
fairly consistent treatnent.

So, with that, | just wanted to make cl ear what the
revi ew panel has been looking at. Al of the material they
have | ooked at is in the packets that you have available to

you, and with that, | will introduce Sverre Vedal

DR.  VEDAL: I am wearing a different hat

now as chair of the HEI Review Commttee for NMVAPS. | just
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wanted to take you through just very briefly the review
process and who is a part of this particular commttee, then
present sonme discussion of our look at the analysis and
simulation issues revolving around the GAM issue, highlight
and repeat a little bit what has been presented before
regarding the findings of both the nortality and the
norbi dity reanal yses, our prelimnary critique as a comittee
regardi ng both nethods and findings, and then some qui ck next
steps fromthe HElI that Dan G eenbaum has al ready touched on.

The HEI NMVAPS review panel is a special panel of
the HElI Review Committee. This particular review panel is
not the sane review panel that reviewed NMMAPS | or Il. This
panel was constituted to specifically look at NWMWAPS |11
which had to do with the dose- response relationship of PM
and nortality.

Nevert hel ess, sonme of these nenbers were involved
in earlier reviews, and the panel consists of nyself. | am
just a doctor and epideniologist, but we have three
statisticians on this comrittee, Ben Arnstrong from the
London School of Hygiene, David Cayton from Canbridge in
Engl and, and Nancy Reid from Toronto. In addition, Edo
Pel lizzari, an exposure assessment expert from RTI; Dan
Tosteson who is also a physician and academ c, dean eneritus
at Harvard Medical School; and Mary Wite, epidem ol ogist
from CDC make up the comm ttee.

What we do is...typically, what an HEl review

committee does and what we have done with respect to this
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i ssue does not differ substantially, first of all, we review
the methods used and, in this case, both of the analysis and
simul ati on aspects of addressing the GAM issue, review the
revised NWVAPS results. W conmment...and these are just
prelimnary comments that | wll be presenting but are the
result of the conmittee’ s deliberations on this, and then
formul ate some discussion about what the inplications of
these findings are and what further work needs to be done.

Wth respect to GAMs, | think we were inpressed
that the NMMAPS investigators were the ones to identify this,
and it has been clear, really, from day one that the
i nvestigators of NMMAPS have been very conscientious in termns
of the developnent and assessnent of nethods in [ ooking
at...in performng tinme-series analyses, and | think, as a
result of that, they cane upon this problem

Many have been using S-plus in GAMs and very bright
peopl e have been using GAMs in S-plus and not stunbled upon
the problem W also have to comrend them on the rapidity
and the thoughtful ness with which they put out the reanal yses
and conmuni cated the results to the scientific and regul atory
conmuni ti es.

Secondly, it raises a big caution to us in the
scientific community about using statistical packages and not
just statistical packages specifically but any out-of-the-box
methods, | think, 1in general that we need to be nore
t hought ful about using.

Specifically with respect to the GAM issue, you
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have heard that the default conversion paraneters that were
used in S-plus were not appropriate for air pollution tine-
series studies. Cearly, that is the case in NMWAPS. W are
getting sone appreciation of how general this is with respect
to other time-series studies, and we may not see the sane
degree of problemw th other tine-series studies as we saw in
NMVAPS, al t hough we wel |l may.

W also heard discussion of the GAMs tending to
underestimate standard errors. That is still an issue when
| ooking at single-city studies which is really what the bulk
of studies to date are based on. As was nentioned, the
multi-city study issue may nake this relatively noot.

At the nonent, alternative approaches to snoothing
or renoving the tenporal trends or trends of covariants would
have to use alternative approaches at this point as opposed
to GAMs. Now, when the dust settles, people may well have
justifications for wusing GAMs again, but at this point,
certainly, alternative approaches should be used, if for no
ot her reason, as a sensitivity analysis.

It should be enphasized that the cohort studies are
not affected by this issue, at |least, the Anerican Cancer
Society Six-Cties study and the reanal yses. Now, one m ght
have notivation for using GAMin these studies for addressing
spatial snoothing, but at least up to that point, the GAM
i ssue was not relevant for the cohort studies.

To reiterate the revised results, nost of the...for

the 88-city point estinmates, nobst of those point estinates
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changed, and it wasn’ t that they all sort of tended toward
zero. There tended to be sort of a general shift to the
left, and the result of that is you actually have a sonewhat
increased or |arger nunmber of cities whose effect estinmates
are negative or zero

The estimates of nmean effect, as you have heard,

shifted downwards, and | won’ t go over the details, the

speci fics of those, but you saw that there was a substanti al
decrease in the estimate of effect when nore stringent
convergence criteria were used and then a somewhat smaller
decrease when a natural cubic spline or a paranetric approach
was used.

And you have also heard that the changes in the
estimates were greater in nodels wth nore degrees of
freedom Now, that is an interesting issue, and Dr. Schwartz
brought up sone issues that one needs to address there. Do
you control for those confounders nore and raise the specter
of nmore bias, or do you control less and be |ess biased?
That is a difficult issue to consider and is going to,
obvi ously, get nore play.

The point estinmates for all of the lags are smaller
than before, but they all remain positive. The | argest
effect is for lag 1, that is, when the effect, the nortality,
is |lagged one day behind the increase in pollution. The |ag
O and lag 2 effects which were also recorded were initially
about half of the lag 1 effect. They are still about half

whi ch makes them very small for lag O and lag 1, and I’
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return to that in a nmonent.
The ef f ect esti mat es f or cardi ovascul ar and
respiratory deaths continue to be larger than for total

deat hs and for non- cardi ovascul ar or pul nonary deat hs.

The revised effect estimates for PMy g , using the

approach that the investigators used there, appeared to be
unaf fected by the copol |l utants.

And the broad regional trends in heterogeneity
remain, and they are simlar to those that were found in the
ori ginal analysis.

Wth respect to the norbidity, again, estinmates of
nean effect for elderly hospitalization were reduced. The
change was nore apparent using the paranetric approach, that
is, the general linear nodel natural spline approach, than
with nore stringent criteria using GAM as Dr. Schwartz
showed, but the effect estinates for the inproved GAM were
| ess apparent than we saw in the nortality analyses, but,
again in this analysis, fewer degrees of freedom were used
than in the nortality anal ysis.

There was also sonme suggestion, certainly, in
| ooking at the Chicago exanple and pneunonia, that the
parametric approach nmay not fully <control for tenpora
conf oundi ng.

What is our critique, our look, on all of this?
First of all, and it has been touched on earlier, there is,
at this point, no gold standard for how we deal with |ong-

termtenporal trends. Al of the nethods have strengths and
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weaknesses. GAMs has a problem estimating the correct
standard errors, and that renains. Wth the paranetric
approach, there are problens with trying to identify the
correct specification of nodels that use natural splines.
Where are the knots and how nmany?

This notion of there being no gold standard, |
think, further notivates use of sinulation studies, as has
been commented on, and notivates presentation of sensitivity
analyses in work like this, that is, how sensitive are your
results to different approaches to controlling for tenpora
trends?

There is a lot nmore work that needs to be done
How do these nodels behave with the type of data sets that

are being worked with? So, although this is a comonly seen

statenent, | think, in this area, it has particular
rel evance.

Vell, let’s get down to sort of the essence here
What has changed? | nean, is the world the same, or is it

different after this GAMs issue?

We have heard sone discussion of heterogeneity, and
the panel still thinks this is a promnent issue. Cearly,
the purpose of NMVAPS was not to look at individual city
ef fects. You heard that the purpose of it is to try to
generate an overall effect that is a relatively stable
effect, but the estimates are there.

Even though the heterogeneity is not increased and,

in fact, may be a little bit smaller, as you have heard,
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because the uncertainty in the individual estimtes of effect
are greater, if you look at the individual city effects, you
will see that there is a greater nunber of negative estimates
and zero estimates. In fact, when | do the bean counting, it
kind of changes from about 28 percent to 37 percent either
negative or zero estimtes of effect.

Now, you can take two approaches when you have got
that. You can do as the investigators have done, estimte a
nean effect. Ohers would have a | ot of concerns about even
considering to estimate a nmean effect in the face of that
sort of display of city-specific effects. That is, if you
conclude that all this is sanpling variability, random
variation in the estimtes, by all nmeans, go ahead and try to
estimate a nean effect. If this heterogeneity, however,
nmeans that we have got a |lot of apples and oranges in these
cities, the next step should not be estimating a nean effect.
And | don’t think the dust about this has settled yet, and the
conmittee S still concer ned about this i ssue  of
het er ogeneity.

The effects, as you have heard, have always been
smal| effects. They are smaller now, and in the face of the
het er ogeneity, t hey are smal | er relative to t he
het er ogeneity.

Anot her issue that cones up now in ternms of what
has changed is an appreciation about the robustness of these
findi ngs. | think, before, naybe there was |ess concern

about how robust or little robust they were. I think, now,
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we have got a heightened sensitivity to it.

One of the sort of pillars previously was that the
findings were not sensitive to analytical nethods. That is
clearly not the case. They are sensitive to analytical
nmet hods, and that has to have sone change in take sonewhat on
what you feel about the robustness of the findings.

The lag effects, which were not presented, show
that the lag O and 2 effects now are as dimnished
proportionally as the lag 1 effects. Those effects now are
very small. They are less statistically significant than
they were previously, and that also has to make you think
about the robustness. In a robust setting, you mght argue
that you would like to see lag 0 and lag 2 effects simlar to
seeing lag 1 effects.

In the defense of the NMVAPS study, | nust say that
they have taken a very conservative approach to |ags, and
that was by necessity, given what you have heard about the
data that a lot of it is every six to eight day data. They
have assumed now that the effect now is a lag 1 effect in
every city, and it is clearly not that. It changes fromcity
to city. So, if you are trying to estinate a nean effect for
lag 1, you are weakening what you are going to conclude,
because that is not a consistent finding across cities. But,
neverthel ess, the fact that we have got variations in |ag now
m ght make you question a little bit the robustness.

It is unavoidable now that there is a perception

that tine-series studies findings are |less definitive. It is
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unavoi dabl e.

I find, per sonal |y, that this has been an
instructive exercise and may, in fact, strengthen sone of the
findings given that. It also may put even nore weight on the
cohort study findings, the long-termeffects studies, at this
poi nt, gi ven, possi bl y, some concerns about t he
definitiveness now of the time-series data.

What has not changed? Well, the benefits of the
NMVAPS systematic sanpling schene have not changed, and the
committee has been very firm about this as being a strength
of the NMVAPS data. In fact, there is really no other study
that gives wus that picture of effects across a large
geographic region with this nunber of cities in an unsel ected
way. And the unselected is really critical to this. It is
really one of our few looks at this very tricky issue of
publication bias, and for that, | think it is extrenely
val uabl e.

The two-stage approach to pooling results or
generating a nmean estimate is nore valid than what one night
have done previously. The Bayesian hierarchical approach to
doing that is a relatively valid approach, and that is a
definite positive that has not changed.

The nean effects persist, al though they are
smaller, and | already nentioned the issue about the
copol lutants whi ch, again, appear not to have mnuch i npact.

The next steps, Dan G eenbaum touched on these

briefly, and I will also just touch on thembriefly. Al of
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the key analyses from NMVAPS are being revised. The issue
will be how you define key here. A fuller HElI report is
intended to be published in the fall of this year that
i ncludes a commentary fromus, the review commttee.

There are other HEl-supported tinme- series studies
that have been done. The plan is for those also to be
revised when the GAMissue is relevant.

And then, in ternms of further work on the issue of
the correct nodel and heterogeneity, there are collaborative
efforts underway in the States, in Europe, and in Canada,
and, in particular, this APHENA study, Air Pollution and
Health, a European and North Anerican Approach, is a joint
HElI and European Community project.

| will stop there.

DR. NEAS: Any quick clarification

guestions of Sverre, then?

DR. MCCLELLAN: | just want to conment on
al nrost your |ast sentence, Sverre. You said the correct
nodel. It seens to ne that one of the things that cones out

of this is there is no correct nodel, and what we need to do
is stress the analysis of the data sets with multiple nodels
to hel p us understand what is going on.

DR VEDAL.: Yeah, | didn” t nean to say
t hat . | thought | had stressed the issue of there being no
gold standard, and what | neant by that is, at this point,

there is no correct nodel. There are better nodels than
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others, and | think the use of mnultiple nobdels is...the
notivation for that is strong.

MR PO ROT: At one poi nt, you
indicated...l think you said the effects are smaller, and
they are smaller relative to heterogeneity which seened to be
different fromwhat | heard from Joel and..

DR. VEDAL: No, the heterogeneity...

SPEAKER: Repeat the question, please.

MR. PO ROT: At one point, | thought he
said that the effects were smaller, and they were snmaller
relative to the heterogeneity, and that struck nme as being
different fromwhat both Joel and Francesca said.

DR. VEDAL: No, the effect estimtes have
hal ved. There may have been a snmall effect on the
het erogeneity in terns of being slightly smaller but nowhere
near in proportion to the decrease in the estinmate of effect.

DR. NEAS: Paul ?

DR. LI Ov: |s the take-honme nessage here

that you are concerned about using the mean estimate for the

90 cities?

DR VEDAL: Yes.

DR LIOY: And that that is a serious new
uncertainty in our review at this point in tinme?

DR, VEDAL: el |, I think it is a

phi | osophy of approach, you know, and | tried to...that is
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what | tried to make clear, is do you either |ook at these as
all randomvariation in a single distribution, in which case,
| don’t think anyone would have too nuch problem in going
after a nean estimate.

Now, given what we see in terns of the individual
city estimates, does it make sense to argue that, that these
are cities froma single distribution? And that question is
open and shoul d be discussed, but it certainly would give you

a lot of hesitation in terms of doing that.

DR LI Ov: Maybe part of it has to do
with the fact that we are dealing with PM g but that PW g5
woul d have | ocal conponents that are nuch nore variable than
PMp. 5 which seens to have nmuch nore regional contributions?

DR. VEDAL: Yeah, we don’ t know that. I

woul d doubt it, but there may be sonme elenent of that. You

may | ose sone of the noise and end up having fewer negative

estimates and such. | don't think we know that.
DR. LI OyY: Well, it is just a point. I
am..l think I agree with you about the idea of running a

little nore cautiously on the 90-cities conposite.
DR. LI PPMANN: I had a question but,

first, a followup just for a second on what Paul said. | f
we | ook at the cohort studies, they clearly show that PWp 5

is nore closely associated with annual nortality than the PM

coarse particles, so there is sonething in what Paul was
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rai sing.

But | want to raise a different issue, and perhaps
it is really addressed to Dan G eenbaum W have in the
handout figures 6 and 7 which were not discussed by any of
t he speakers. They relate to the seven different regions
where...and perhaps Sverre wants to address this. s HE
prepared to say anything about the reliability of the
conpari son between the seven different geographic regions

which is in between the 90 cities and the individual cities?
DR, VEDAL: I am not sure | quite

under stand what the last part...

DR. LI PPMANN: Is there...l mean, in the
original report, it was clear that +the Northeast was
different, and can we still say that in the light of the

reanal ysis? Because | think that is an inportant point, and
you did choose to put it in a handout and didn't discuss it.

DR VEDAL: It is probably something that

the investigators should discuss as well, but | didn t see

that as a big change from the revision of the initial
anal ysi s.

DR. LI PPMANN: No, but because the
magni tude of the estimtes are different, it mght change
whet her we | ook at those as real differences or just noise.

DR, VEDAL: Yeah, | am not prepared to
sort of discuss that further. | think, proportionally, the

differences remain regionally, and | don” t think there was a
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big change in that fromthe revised analysis to the original
one. Clearly, what you are saying is right. The estimates

of the effect are approximately halved in each region.

DR.  HOPKE: Francesca would |like to say

sonet hi ng about that.

DR DOM N Cl: Yes, please. Yeah,
actually, because | think that those accord with the conment
about, you know, the pooling. Just because, you know, we
were approxinmating the accuracy of pooling these 90- city
estimates conming from the sane distribution, so what we did,
that is exactly what we did with the regional analysis as
wel | . One thing we can do is that we can partition the
United States in seven geographical regions, and assuning
that these 90 cities now come from 7 different distributions,
one for each region.

So, this was really to...actually, in this way, we
are inposing a heterogeneity, because we are saying that the
cities that are in this region conme from one distribution,
and the cities from the South come from a different
di stribution. So, although that is why you pull out from
figures 6 and 7, you see that, actually, you know, still
within each region, the estimates were, you know, quite
simlar, and there was not nuch heterogeneity even wthin
regi ons. There was heterogeneity between regions, because
that is how we classed them

So, for that, you know, to pull out really...there

was an additional statistical analysis to say can we really
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pool, so we said well, you know, if we cannot pool, you know,
within the United States, we can try to pool wthin each
region, and the regional estinates, to address the question
whether, as in the pooled estimtes, you know, it is |ower
than before or whether that is what you have in figure 7,
they are all positive, and exactly as before, the effect is
larger in the Northeast region and the Southern California
regi on.

DR, MCCLELLAN: But one has to be very,
very cautious in l|ooking at those regions, because that
woul d...you know, | am not certain who originally drew that,
but, quote, individuals who spent a significant portion in
the State of Washington and the Northwest...l am offended to
have Cakland viewed as in the Northwest. |If you review ..if
you renove Oakland, California, one of your tw positive
val ues, from the Northwest, | would submt your Northwest is
no | onger positive.

DR DOMNCI: You are right.

DR. MCCLELLAN: And there are a lot of other problens wth
that map. | am di sappointed that the NMVAPS investigators so
qui ckly picked up on the EPA s use of that nap earlier which
was useful at the time, but | don't think it should have taken
on the weight that it did here.

DR. DOM N Cl : Vell, just a quick reply
to that. First of all, the regional analysis was an

additional sensitivity analysis, as | said. Secondly, the
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map that | showed you was actually very different. I n that
map, there was an especial snoothing, and what we did, we
brought a strain from neighboring cities based on how cl ose
the cities were. So, that was a rmuch nore refined anal ysis,
saying that the air pollution effect in New York would be a
wei ghted average of the air pollution effect of the
nei ghboring city, and the neighboring cities were defined
with respect to the geographical distance.

So, that, you know, | hope that would be, you know,

nore definitive.

DR. MCCLELLAN: You get an
oversinplification, and it may be applicable to the East
Coast but have little applicability to the West in terns of

nmet eor ol ogi cal conditions having greater |ocal effects.

DR NEAS: Can | just comment on one
thing? | nean, the original report used the map regi ons from
the EPA. The goal here was to say well, given the change in

the statistical techniques, let’ s redo the analyses exactly
the sane way we did them before, not saying now that that nap
is the be-all and end-all but only to say we better do it the
sane way that we did it the first time so we know exactly
what the changes.

But then, beyond that, as | said at the outset and
as Sverre indicated, there is <continuing analysis on
het erogeneity that is being funded in this data set in order

to try and look at it which isn’ t constrained by this
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parti cul ar map, SO we shoul dn’ t
that...overenphasi ze that.

| don’t know if you want to...how you want to...
DR. HOPKE: Let’s let Fred in here.

DR MLLER | just wanted to comrent
that | think we ought to be guided on this issue of whether
or not to consider nean and pooling going back to the
conpositional data over the different regions and the
information that is available, and if you do that, PMg is
not the same in all locations, so it would, to ne, argue
agai nst pooling and doing a nean estimate, but | think the
other information in the Criteria Docunment is there to
address that kind of issue and let’ s not get swanped here by
the initial reaction to the size of the defects and whether
t hey shoul d be support ed.

DR HOPKE: Ri ght . Again, | nean, we

want to focus primarily at this point on the nethodol ogi ca

i ssues and, | nmean, again, we don’ t have the bottom |ine new

answers yet, so | think we have to be a little careful about

trying to over-interpret what still wmy be internediate
results.
Varren?
DR, VWH TE: | just have a clarification
guesti on. | thought | heard Francesca say that the
statisti cal outcones were considered in arriving at

clustering in the map. |Is that correct? The regionality was

ovel
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chosen, in part, based on the statistics?

DR DOM N Cl : So, what we did was two
different regional analyses. One regional analysis would
just partition the United States, you know, into these seven
regi ons based on what, it is nmy understanding, based on what
the EPA did. So, what we did is instead of assum ng that
these 90 city- specific estimtes were comng from one
distribution, we were saying that we cluster these 90
city-specific estimates with respect to which region they
were and doing, you know, simlar and separate pooling wthin
each region.

Now, because we relied as, you know, as was pointed
out, there was really across regions, but this was just
really to say there are really, you know, sone striking
regional differences in what we see.

Then, we had the nore refined nethod, and what we
did...and that is where | showed you before where there was
two national maps. The map in the docunent, that was
actually an analysis. Wat we did is we estimated the
relative rate of nortality associated with particulate matter
within each city by taking into account the relative rate of
nortality of the neighboring city, and the neighboring city
wer e defined based on the geographi cal distance.

Now, | fully agree that other systens |ike weather
and climatic differences would potentially be suitable, but

that is what we did so far

DR. LI Oy: Vell, | am going to support
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Fred’s point totally. If you are going to do reanalysis on
the basis of regions to try to come up with any Kkind of
average and you want to do it for a region, | think it is
very inportant that you start |ooking at issues of what the
conposition of the aerosol is, what they are exposed to. It
could be very, very drastically different from different
areas of the country. Even if you are in one area of the
country, if you are dealing with a city versus a rural

| ocation, you are going to get drastically different aeroso

conposi tion, especially for PMy.

|f we were doing PMb 5, | don’t think | would be as

much concerned, because | think we have a relatively constant
aerosol, and |I think it would be very useful to think...go
back and have people really |look at the map not geopolitcally

but as a...geochemcally. Al right?

DR. HOPKE: kay. Let’s give Joel a |ast

word here, and then I think we...
DR. SPEl ZER: Can | nake a coment ?
DR. HOPKE: Sure, Frank.

DR,  SPEl ZER: I want to pick up on what

Paul just said a little bit. It strikes nme that...l don’
have the slides, obviously, that people have presented to see
what all was presented, the details, but I think they all did
quite well in terns of what the issues are. Now, | have the
feeling that if we had Francesca have another year and Joel

to have another year to work on this, we mght end up at
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exactly the same point we are at now and that, in fact, we as
a group are going to have to say yes, there are issues, and
we see what those issues are, now |l et’s nove forward.

And the question is, if HEl or others are noving
forward with perhaps | ooking at speciation or yet other ways
of looking at it, you know, | think we are going to
be...unless we start to nove forward rather than spend tine
on reanalysis, additional reanalysis, we are not going to
make much progress, and | think that is the issue that Paul
is raising, and | think we have got to go to a different
| evel of analysis, not just try to continue to repeat what we

have done.

DR.  HOPKE: kay, but | think that is
going to be a good thing for us to discuss later this
afternoon and tonorrow nor ni ng.

Joel ?

DR  SCHWARTZ: Yeah, | just wanted to
make a point about this, and that is that there are really
two purposes of these studies. One is to ask the question
overall, is there evidence that particulate air pollution in
the United States is associated wth nortality or is
associated with cardi ovascul ar hospitalizations? And there
| think, pooling the data over the country is appropriate,
because it is asking, overall, is sonething going on?

Now, that is very different from saying that well,
that is the nunber that is going on, and it is the sane

everywhere. | think it is perfectly true that the particles
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vary, and we think the effects nmay vary, and, in fact, |

showed you an analysis that we did using sone pretty crude
data that certainly suggested even with the PMg data we have

that we do see variations in the effect sizes depending on
the particle conposition.

But | think Frank is right that, you know, there is
alimt to what we can do wth this PMg data for which we

don’t have any speciation, and, you know, playing...you know,
| played around with that, you know, emnissions inventory,
but, you know, really what we need to do is rely on the other
studies in the Criteria Docunment that did have speciation
data to help us draw conclusions about that and not try to,

you know, torture this data beyond the point where it can be

done.

So, for the overall <conclusion of 1is sonething
going on, it is appropriate to pool the data. For the
concl usion of, you know, what is going on where, | think that

is where it beconmes inappropriate to use a pooled estinate.
You have to separate out those two things.

And | would also like to point out to Sverre that
while he may have still topical issues with the distribution
of the data, it is also true that a kind, clear test of the
hypothesis that the data is not drawn from one distribution
is rejected. So, | think we have to, you know, put that
phi | osophy against that test to a little bit, but | wouldn t

say that this is the nunber that is the effect in the United
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St at es. This is a tool for concluding that there is an
effect and that the effect of different kinds of particles or
particles in different regions have to be addressed in

studies that really have the data that we can use.

DR HOPKE: Yeah, | think we really have
got to cut this off at this point. W will have had nore
di scussion later this afternoon, so let’s break now for [ unch.
Let’s reconvene at 1:25, and we’ ||l pick it up where we left
of f. We’ll figure out how to work this out for the rest of

t he afternoon.
(WHEREUPON, a | uncheon recess was taken.)

DR. HOPKE: If | can have your attention
pl ease, we are reconvening with another short presentation by

Dr. Schwartz, and then we will nove on to Dr. Burnett.

MR. FLAAK: For nenbers of the public who
are presenting today and who have materials to hand out, |
have collected sonme of those. For those of you who still
have handout materials for ne to present to the conmttee, |
would like to receive those in the next hour or so. So,
pl ease give those to nme when you get the chance.

Al so, since we are probably going to run a little
| ater than expected today, | expect we wll termnate the
neeting at about the tinme we would normally expect according
to the agenda today, and we mght to try to carry a coupl e of
the public conmments over to tonorrow. So, for those of you

who are going to be here, public commenters who will be here
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tomorrow, please let nme know if you are wlling to be
avai lable tonorrow norning to give your public coments
rather than doing them later this afternoon, and we m ght
juggle the schedule just a little bit.

Thank you.

DR, SCHWARTZ: well, you all know the
issue, so, as | said earlier, at this point, pretty nuch all
of the multi-cities studies have been reanalyzed, so | want
to present sone of the other analyses besides the NWAPS so
you have an idea of what has changed and what hasn’ t changed
as a result of that.

So, the first think | want to present is the
Six-Cities time-series analysis that you may recall. The
Six-Cities tine-series analysis is the only multi-city
time-series analysis using PVMp. 5 as the exposure nethod. So,

you know, didn’t claima thing.
So, without further ado, since you know all of the

stuff that is going on, what we have here is here is the
percentages and daily deaths per 10 F g increase in PV 5.

These are the old results that were published in the
Schwartz, Dockery, and Eades studies with the 1.5 percent
i ncrease.

Now, if we go with GAM and the new convergence
criteria, then it is a 1.4 percent increase, so a relatively
nodest change. |If we go with splines, with natural splines,

so we don” t have any of +the issue of standard errors
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associated with them but, again, as we said before, it is
not clear which things have the problem of covariants
control...then it goes down a tad, to 1.2 percent, but still,
highly significant. The |ower confidence bound is 0.8
percent change and not a trenendous difference from the
ori ginal ones.

Again, if you look at the standard errors of the
neta analysis, we see the phenonena we were talking about
bef or e. The standard error issue is an issue for the
single-city studies, but the standard errors, you know, are
really the same in the GAM nodel and in the natural spline
nodel once you do a nulti-city analysis.

So, the Six-Cty analysis, the basic results hold

up for PM 5. The nunbers are slightly smaller.

DR LI PPMANN:  Excuse ne, Joel.
DR SCHWARTZ: Yes?

DR. LI PPMANN: | see why, you know, 2.5
is probably nore inportant, but for conparison, did you | ook
at it in terms of PMg?

DR SCHWARTZ: Well, | think the rel evant
thing to do is to |ook at the coarse mass again, and..

DR. LI PPMANN: No, no, | know. | nean,

in terms of our discussion with the NVMMAPS reanal ysis which

was a PMjg reanalysis, it would be interesting to..

DR SCHWARTZ: ©Ch, to see if the PMg
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nunbers changed nore. That is a good point. | haven’ t done
t hat . W'l put that on the list, and I’ Il send it to the
staff. Good point, and | haven’t redone the coarse mass, but,
you know, we’ll get around to doing that.

The other Six-Cty analysis that | think is
inmportant is Francine Leahy’ s analysis in which we did the
source apportionment nodels and |ooked at the association
with particles fromdifferent source categories. So, here is
the reanalysis of that data, and we haven’ 't done that wth
natural splines yet. So, all | can show you is the GAM nodel
with the new convergence criteria, but as you saw from the
earlier ones, it is not going to change trenendously when we
go to natural splines in this, but we haven’'t had the tine to

do that.
So, here are the old results, 10 F g of particles
fromtraffic were associated with a 3.4 percent increase, 10

Fg in coal particles was associated with a 1.1 percent
increase in daily deaths, and dirt wasn't bad for you.

In the new nodel, the results don’ t change very
nmuch. They go down a little bit with the new convergence
criteria, but they are in the sanme ball park, and they remain
statistically significant for the traffic and coal particles.
They remain not significant for the dirt particles.

DR. VH TE: Dirt isn”t just not bad for

you; it is actually positively good for you. You know?

DR, SCHWARTZ: Vell, yes, that is true,
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but this confidence interval, you know...

DR. WHI TE: Excludes zero. Right?

DR, SCHWARTZ: No, no, no.

DR WHITE: Ch, that is not a..

DR SCHWARTZ: Protective effect -2
percent. ..

DR. WHI TE: Ch, oh, okay.

DR.  SCHWARTZ: ...and the range goes up
to +1 percent. So, it includes zero. It included zero
before, and it includes zero now. And these are all in the

nodel sinultaneously. The regression nodel has PMterns for
traffic particles and the nmass from coal particles and the
crustal particles and in the, you know, places where we had
the residual, there was, you know, the residual conponent,
but I didn't show the results for that here.

Now, in addition to NWAPS, there has been one
other very large nulti-city conprehensive study, and that is
t he APHENA study which has | ooked at 30 cities fromall over
Europe, north to south, east to west. Those 30 cities have
about 50 mllion people living in them and that study was

publ i shed in Epidem ology. The cities were picked before any

anal yses were done. It is not every city in Europe, because
that was not feasible, but it was representative of all of
Europe and selected before any data was collected, and the
selection is in the branch application, so you can see that.

So, that has al so been reanalyzed, and this wll be
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published in a letter to the editor of Epidemi ol ogy. So,

this is the APHENA analysis which is for PMjg, and I am goi ng

to show you two different sets of reanal yses that were done.
One is from the main APHENA paper, and that |ooked at the
mean of pollution today and yesterday.

And | should nention one difference between nost of
the studies that have been done in air pollution and NMVAPS
nortality is nost of the other studies that had daily data
haven’'t been in the U S., or they |ooked at a small subset of
US. cities. So, they were able to look at the effect of
today’s and yesterday’s pollution simnmultaneously, and all of
the studies that |ooked at nulti-day effects find that the
effects do persist for nultiple days. So, another thing that
adds to sone of the noise in the NWAPS results is, you know,
the inability to include two-day averages which wll give

nore stable answers. This doesn’t have that.

And the other thing that was noted...l noted this
in a paper | published a couple years ago conparing one-day
anal yses to two-day neans...is since the effect persists for

nore than one day, the effect size is sonewhat |arger when
you use a two-day average. So, the fact that this is
sonmewhat | arger than NMVAPS is not surprising and doesn’t nean

they are really telling you different things.

So, the originally published paper in Epidem ol ogy
gave an effect size estimate of 0.6%10 F g of PMjg wth a

highly significant association. These are from random
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effects neta anal ysi s.

The new convergence criteria doesn’ t change those
results very nuch. It is still about the sane, still highly
significant. | think these results probably changed |ess
because they are two-day averages, although they probably
al so used two degrees of freedom

There was a second paper that we published.
Antonel |l a Zanabetti fit a distributive lag nodel to |ook at

what the cumul ative effect of air pollution exposure over a
nonth or so is. So, what she |ooked at was today’ s PMjpg and

yesterday’s and the day before all the way out to 40 days ago.
And this is an unconstrained distributive lag nodel, that is
to say, all 41 ternms were in the regression simnultaneously.

Now, of course, ©probably none of them were
significant when you |l ook at that. R ght? The point is that
the cunul ative effect is obtained by adding up all of them
and this gives you...and that is where sonme of a bunch of
these nunbers is less and you can get a nore stable effect
that way, particularly if you do it across nultiple cities.

So, the results that we published originally were
that there was a 1.65 percent increase when you | ooked out
over the last nonth or so, about 2.5 tinmes as big as the
short-term effect. Wen we redo that wth the new
convergence criteria, it goes down a little bit, and it is
now 1.45, but it is still about nore than twice as big as the
short-term effects. So, agai n, this is remining

significant, remmining about 2.5 tines the short-term effect.
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The point size estimates went down by a little bit, but in
this case, less than in the NMVAPS st udy.

There is one nore APHENA study | want to show you,

and this is Annalis Hecht’ S paper in the European Hear t
journal which | don’ t even know if you referenced in the
Criteria Docunment, but you shoul d. This is a multi- city

study of hospital adm ssions for heart disease in seven |arge
European cities, Paris and London with seven mllion people
each, plus...plus, in addition to those cities, the entire
country of the Netherl ands. So, there are about 40 mllion
odd peopl e represented in this anal ysis.

And this one is interesting, because this is the
only case | have seen where the nunber actually went up when
you use the natural spline with the same nunber of degrees of
freedom So, | think the general pattern is certainly that
they go down a bit, but, you know, occasionally, they go up,
and it is interesting to see that, and, in fact, it went up a
tad when we used the new convergence criteria and GAM So
in general, things go down, but that is not always the case.

There is one other multi-city study | want to tel

you about. | published a 10-city study shortly before the
NMVAPS study |ooking at daily deaths at PM g in 10 U S

cities. Now, the strengths of this study were | had daily
data in all of them so |I could use the nean of two days
exposure and get a little nore stability in the effects
estimate, and | also fit separate nodels for the warm season

and the cold season in each city so that | could get separate
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in case the relationships were different,

neta anal ysis of those 20 estinmates.

So, that was in the original

results were there was a significant

t much of a difference between the
estimates, and the overall effect
per 10 Fg.

Now, the new results,

with the new GAM convergence criteria...

turn these, you know, into percent
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to be the pattern, there is a bit of

effect size but not a really large one.

per 10 Fg, and you |l notice, again,

splines, we don’ t have any of

conpared to the GAM with the new convergence criteria.

the nmeta analysis, there is really

standard error.

One other point about that

studies where | have nore power in

again, when you take a | ook at

nmodel versus the T statistics for

rerunni ng

is a 0.65 percent

is

t he

and

sunmer

si ze was about

didn’t

to pardon ne for

change for

spl i nes,

a

It

t hat

S

t he new nodel

t hen

publi cati on,

associ ati on.

t he

it hasn’t changed.

is the standard error fromthe neta anal ysis.

again,

reducti on

is O.

in

the standard error

no difference

i nce

i ndi vi dual

the T statistics of

0.

Environmental Protection Agency - Clean Air Scientific Advisory Committee

| did the

and the

There wasn’

and w nter

6 percent

those 20 npdels
have tinme to

changes and confidence

regression

10 F

And

as seens
in the

5 percent

the natural

i ssues
I n

in the

these are

st udy,
the old

wi th natural



U.S. Environmental Protection Agency - Clean Air Scientific Advisory Committee
Particulate Matter Review Panel #6102-1 7/18/02 Lee O

splines, you see, again, the study where the individual city
and season-specific estimates were not significant stayed
that way. Wen they were significant, they stayed that way.
W are not seeing big changes.

The reason we see nore novenent in the NWAPS
nortality study is that, you know, 50 observations per year
probl em

The last point is that natural splines are not the
only way to fit a fully paranetric nodel to analyze events
data. Colin Bateson and | have published a nunber of papers,
Beady has published papers, Longley has published papers. A
bunch of people have published papers on the wuse of
conditional logistic regression to do case crossover anal yses
as a way of analyzing nortality data or hospitalization data,
and the idea is for each person who is admtted to hospita
today, there are days, not that |ong ago, where they weren’
admtted to the hospital, where they didn’t die. And you can
take those as the control days and nake nmatched sets and do
case control studies on them

And what Colin Bateson and |I showed was that if you
pick the control days fairly close to the event day...and we
showed what that neans...but not so close that you start
getting into other correlation problens, then you get no
bias, and you fully control for seasons by design. You don’t
have to argue about how nmany degrees of freedom to use,
whet her natural splines fit better than snooth functions. By

design, if the control days are within a few weeks of the

t
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event day, you have controlled for season, and we showed t hat
with sinmulation studies.

W then...Lucas Neas and | published a paper
reanal yzing the old Philadelphia nortality data and showed
that you got about simlar results from the Poisson
regressi on when you used the case crossover anal ysis.

There is a paper that canme out in January by Tom
Bat eson and | which had partly some nore sinulation studies,
but then we analyzed air pollution and daily deaths in
Chi cago. | think you ought to put that in the Criteria
Docurment since it doesn’t have either the issues of standard
errors or the issues of, you know, which way to control for

season. It controls for season by design
And we found associations of PMg wth daily deaths

that were pretty simlar to those, for exanple, in that

Ten-Cities study that | showed you before using the nmean of
t oday’s and yesterday’s PM.

And then, as part of all these reanal yses that we
have done, | went back and redid that for Pittsburgh, and the
results for Pittsburgh are very simlar wth this case

crossover nethodol ogy. | get about 0.5 percent change in
nortality for a 10 Fg change in PMjg using the case crossover
nmet hodol ogy. So, there is a good sinulation literature and a
smal |l but non-trivial literature of reports of wusing this

case crossover nmethodology to get around all of these

probl ens and the paranetric functions to control for weather
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el enent s.

So, | think | wll stop, then, and take any

guestions you have.
DR. HOPKE: (Okay, are there any...Sverre?

DR, VEDAL.: Yeah, you nentioned a couple
of reasons as to why, in general, in the time-series studies,
inthe multi-city tinme-series studies, there renmined | ess of
a difference with the GAM..changing the GAM constraints.
How nuch of that, do you think, is a degree of freedom issue
in your analyses, that is, using |esser degrees of freedom
and how much may be sonething else conpared to the NMVAPS

for exanple, where...

DR  SCHWARTZ: | think that...well, if
you look at the sensitivity analysis that Francesca does,
that gives us a very good idea. If she went to half the
degrees of freedom..right?...then the coefficient goes from
like 0.2 to O.3. Right? So, there is about a 50 percent
change there. So, | think that gives you a direct estimate.

So, these other studies are showi ng sonewhat | arger
effect sizes than 0. 3. So, | think the other part of the
difference is due to the fact that they are using nulti-day
averages which tend to give you higher coefficients and nore
stable results. They don’ t bounce around as nuch. But |
think using those two things, you can partition it out, |

guess, sinply because I am 50/50 between those two.

DR. HOPKE: O her quick questions?
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Question in the back there? Rick?
DR, BURNETT: Joel, have you had an

opportunity to try that new risk sanpling/percent sanpling

nmet hod for case crossover studies that appeared..

DR.  SCHWARTZ: No, we have a different
nmet hod that we published in that 2002 paper to deal with that
smal |, that subtle bias. That bias that Longley identified,
that bias is really due to the traditional thing that gives
you bias in a case control study which is that the controls
are not sanples from the risk set. Right? That is to say
there are sone days that can contribute controls, but they
can’t contribute cases, because they were, you know, before
you started or you had sonme m ssing days or stuff |ike that.

VWhat we showed was...| nean, you can do that nore
conplicated sanpling. Wat we showed is we do our sanpling,
and then you can estinmate the amount of bias by taking the
sane nodel and fitting it to a series where there is one
event per day. So, the true coefficient has to be zero. And
then you get some nunber, and if you subtract that off, that
gi ves you the end bias, definitely.

So, we showed that in that other paper, and that is
the approach that we have wused rather than the other
sanpling, but we showed that they give simlar results. But
you are right, there is a subtle bias in these case crossover
anal yses, and we just do sinple selection of controls. You
don’t have to do this nore conplex selection of the contro

days or estimate the bias and subtract it.
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DR. M LLER: In the last study, the case
crossover, when you said you get your control for season by
design, you said you proved this by sinmulation. Do you nean
sensitivity analyses, or you actually created an artificial
distribution and did a true simulation? Because | would
submt that on the cusp of any season, | would |like to know

how you prove that you could wholly control for season

DR SCHWARTZ: W took a bunch of
di fferent seasonal categories using sign and Sordo functions
and sign and soil functions nodified by various other ternmns
and nultiplied them and then we took smooth functions of
hospi tal adm ssions for pneunonia which show lots and | ots of
seasonality, and we took those all as basic patterns. Then
we simulated random time data around that, and then we did
1000 simul ations each of those and estimated the coefficients
and did it for different sanpling strategies so we could find
the ones that, for all of those patterns, gave you unbi ased
esti mat es.

DR.  HOPKE: Ckay, thank you very nmuch,
Joel

So, now, our next speaker will be Rick Burnett from

Heal t h Canada. Do we need to get the projector back on?
Yes, here he comes to do that.

DR.  BURNETT: So, are you just about
GAMVED out ? Like a GAM conference, you know?

Ckay, well, | would like to talk nore about GAMs
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and their interesting properties. Wat | amgoing to try to
do is try to illustrate some of these issues wth the
different nodels with a couple of data sets in Canada, and
there is actually another data set, a Canadi an data set, that
has | ooked at fine particles and nortality that was published
in 2000. So, there are nore than one fine particle data set
out there.

| would like to also acknow edge the contribution
of a coworker, Dave Stieb, from Health Canada and Ti m Ransey
from the MLaughlin Center for Population Health Risk
Assessnent .

Now, | would just like to go quickly over why we
chose GAMs as our optimal choice of nodeling and why so many
people want to do that, and | will go quickly over nobst of
the points that have already been nade. They are, obviously,
highly flexible. They can handle a |lot of variety of mssing
val ue schenes, not only just six-day data, but you have
situations where nonitors mght be down for a long tine
because of various reasons so that the pollution data is very
i rregul ar.

One of the issues that we are all concerned was
that the results were investigator driven. People would say
well, | know what the weather nodel is, or | know I am going
to adjust this for seasonality or so on, and people were
saying, well, what happens if you did sonmething else? So
there was a lot of interest in developing a strategy that

woul d | et the data speak.
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So, with these generalized additive nodels, there
really wasn’'t a need to specify a possibly incorrect and, in
fact, usually, in statistics, as in life, every time we nmake
a decision, we nmake a mstake. That’'s ny life, anyway.

So, what we would like to do is we would like to
make as few decisions as possible and, therefore, as few
m st akes.

One of the other problens is that in this area
when people first started out to analyze these tine-series
data, they were using 4A series which are a series of sine
and cosine functions to nodel seasonality, and there were
concerns there that sonetines, in epidemcs or other issues,
that there were non- cyclic, some of the nortality pattern
was non- cyclic, and we have sone data, for instance, which
is very hard to drive that series to white noise using 4A
series. So, basically, we wanted sonething else that was a
little nore flexible than 4A series paranetric nodels.

And we wanted |ess investigator decision nmaking.
We didn’'t want to say it was a square termfor weather, or it
was a certain functional form you know, for time and so on.
So, we wanted to sort of let the data tell us what we were
going to do.

4A series don’t capture non-cyclic trends, and we
al so | ooked at natural splines and said well...actually, we
were nore interested in nonparanmetric splines than natura
splines, and ot her speakers have tal ked about this.

W've got to make two decisions, and like | said
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every time you nake a decision, you make a nistake. W have
got to know how nmany knots we want to put in and where the
pl acenent of knots are.

And, in particular, we were concerned that because
of these very irregular mssing data patterns when you could
have a year or two of mssing air pollution data, how woul d
these natural splines react to that? | amgoing to get, all
of a sudden, a nunber of paranmeters in ny nodel that | am not

going to be able to estimate, and what is going to happen

t here?

So, basically, | personally said I don’t want to go
with natural splines. | |ike these snpothing techniques, and
there is no preferred paranetric weather nodel. We don’
know...l am not a bionmeteorologist. | don’t know how weat her

actually affects health, and I amreally interested in it as
a nui sance paraneter. | want to control, in sonme sense, for
weat her, because | have a vague idea that weather can kill.
| don’'t exactly know how that is done, but I want to have sone
confidence that, at least within any given analysis, | have
made sone attenpt at controlling for weather, and |
understand that it can be highly nonlinear, and I want a | ot
of flexibility in that nodeling.

Now, here is an interesting chart. W published in

the Journal of Air and Waste ©Managenent in the April issue a

neta anal ysis of, you know, every tine-series nortality study
we could find, and we went back, and we have just witten a

letter, Petros, to the editor of the journal...l think you
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must have it by now. ..on the effect of GAMin that paper, and
this is part of this letter, this plot.

As you can see, this is the percentage of
time-series nortality studies that use GAMs. So, ¢ 86 to ‘95,
none. W couldn’t find any. ‘96, 40 percent. 97, it goes
up. ‘98, 2000, and the study was cut off in 2000 at about 85
percent of time-series nortality studies included GAMs.

Now, if we look at the percent increase in daily

nortality attributable to a 10 Fg/ m3 increase in particulate
mass, those studies that didn” t use GAMs, we found ten of
t hose studies, and the actual average risk, using this sort
of neta anal ysis technique, was 0.42 percent. W found five
studies that had fine particles. The average risk was 0.82
percent. So, these are studies wi thout GAMs, and if we | ook

at the studies that have enployed GAMs as the nmin nethod of
anal ysis, PMjg has gone up to 0.7 percent, and fine particles

have gone up to 1.15 percent.

So, you can see that as the GAMs have crept into
the literature and our thinking, it turned out, by happen
chance, | guess, that the actual effect sizes went up. Now,
this is not a scientific study, but it does indicate a sort
of a concern about how these GAMs have actually affected our
i nterpretation.

Vell, | amgoing to try to explain as clearly as |
can how these nodels are working and why we are getting a

little bit of variation in the results.
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What we are trying to do is, obviously, measure the
relationship between air pollution and nortality, and a
nunber of speakers have indicated that this relationship is
relatively small. The problem is that time also affects
nortality and that time has a very strong effect on
nortality. Weat her also affects nortality, and its weather
effect is sonewhere on the order magnitude of air pollution.
However, time also affects air pollution, weather affects air
pollution, and tinme affects weat her.

So, what we have here is a very conplex
relationship of a nunber of variables that are highly
correlated, and we want to tease out one little...one of
these arrows in this very conplex relationship. So, it is a
very difficult job.

| am going to try to illustrate how these
relationships interact with each other with a study from
Tor ont o. W had daily non- accidental deaths from January
1st, 1980 to Decenber 31st, 1994. So, in Toronto, that is
about 40 deaths a day. W didn’ t have daily fine particle
data, but in this exanple, | predicted fine particle data
from six-day fine particle data off a dichot and used daily
sulfate and COH neasurenents to predict a continuous fine
particle series.

Daily average tenperature was used to nodel the
health effects of weather, and nodel conplexity was based on
driving the residuals to white noise, because | wanted to fit

what ever kind of conplexity of nodel | needed. So, the
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residuals didn't show any pattern, and the weather vari ables
had optimum predictive power while trying to avoid
overfitting.

So, what we are trying to do is sort of a
conprom se. W want the sinplest nodel we can find that
expl ains the nost about the data. So, we don’t want to stick
in alot of extra knots or do a lot of extra snmoothing if we
don’t think that we need it. So, here is the kind of criteria
t hat we used.

And these results were first reported in the

Journal of Air and WAste Managenent back in 1998.

Now, this is what really burns ne up. Here is an

exanple of a nodel where | have tinme in the data and fine
particles. So, that is all | have. And | have a LCESS
snoother, | have a spline snoother, and | have a natural

spl i ne. | have a very weak convergence criteria of 10-

...that is the default criteria in S-plus...and | have a nore
stringent convergence criteria.

And you can see here that, with this sinple nodel
there really is no difference between the effect estimte of

fine particles on nortality. Convergence criteria doesn’

matter, the type of snmpoothing doesn” t matter, and in this

case, the actual natural splines are a little bit higher, but
al so, the confidence intervals, the standard errors are the
same. kay? So, it is very interesting.

And when we first got into using and deciding
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whet her we would use smoothers, we did sinulation studies
Unfortunately, we did sinmulation studies with this type of
nodel , because | was concerned about the really nonlinear
functions which were the tinme. And this is the kind of
results we got, and we |ooked at 4A series, and we | ooked at
all kinds of other things.

So, we were very interested in this problem and we
got this kind of results, and we said okay, well, it doesn t
really matter what you do. These flexible nodeling
techni ques are very good, and they have all these additional
properties that are desirable, so let’s use them

kay. Well, let’s go on to slightly nore conpl ex
nodel s. Here is a nodel with fine particles. kay? In
here. And we have a LOESS snoother of tine, and the opti mal
snoot hi ng, anount of span that is used here is about 100
days, so that was the...needed to drive those residuals to
white noise. They had no serial correlation. And we had a
natural spline of tenperature with four degrees of freedom
which is the optimal nunber of degrees of freedom

And | plotted out the LOESS of tine...so that is
the general snooth tenporal pattern of nortality in
Toronto...in two cases, one where | have the default
convergence criteria and a case where | have the nore
stringent convergence criteria.

Now, you wll notice, unlike many U S. cities,
Canadi an cities are thriving, and nore people are noving into

them and, therefore, nore people are dying over tine other
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t han Houston or whatever. So, we get a slight upward trend
in the nunber of deaths, basically, proportional to nunbers
of popul ati on.

Now, | look at these two curves, and ny first view
is they are the sane. And | don’t know if you have read I|ike
the Saturday papers, you know, when they have that little
cartoon, and they have got two cartoons, and they say there
are eight differences, and | can only find seven and | can
never find the eighth. You know?

Well, this is what...when you |ook at this, you can
actually see slight differences. You know, for instance, in
here, there is less of a peak than in here. There are sone

cases where there is a bigger dip in here than here, and so

on. So, there are little slight differences there, and I
certainly would have thought well, that certainly cannot be
meani ngf ul .

The other thing you can notice is that in terns of
optimality, in terns of renoving serial correlation in the
data or having the best predictive nodel, there is a |ot nore
that we want to take out of this data than just seasonality.
So, you can see here that we get the typical peaks of
nortality in the winter, but we also get little jagged points
and so on and so forth like this. So, there is certain
structure in the data, and this is the optiml nodel even
with air pollution and the weather in the data...in the
nodel .

So, if we want to | ook at day-to-day effects, there
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is nore than just seasonality that | think we should be
t aki ng out of the data.

Here is a case where we have...so, obviously, the
convergence criteria does make a difference in these subtle
estimates of tenporal effects.

Here is a situation where we have three different
nodels. W use LCESS to nodel tine, we use spline snoothers,
and we use natural splines, and weather has exactly the sane
nodel i ng. Again, you can see that these three curves all
| ook alnmpbst the sane, but there are slight differences in
those curves. Okay? And it is very inportant to understand
that we are going to see those slight differences are going
to be neani ngful.

Now, this is an exanple of the rel ationship between
nortality and tenperature, and the top two panels are a nodel
of fine particles, a LCESS of tine, and a LOESS of
tenperature with 30 percent span which is the optinmal span
for that data set. And here we see that if we have a weak
convergence criteria, the relationship with tenperature and
nortality is kind of a V shape. So, we have got this clear

pattern that as | get colder, nore and nore people die. And

the PM paraneter here is 13.33 or about 1.33 percent per F g/ m

3. And a standard error of 2.555.
Now, if | go to the nore strict convergence
criteria...remenber, there are these subtle differences in

how | nodel tine, but that translates into a difference in
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the shape or the relationship between tenperature and
nortality. kay? So, the effect of cold tenperatures isn’ t
as great. So, you have got to remenber, now, that, you know,
cold tenperatures in Canada only occur in the wntertineg,
fortunately, because nobody would live there if they occurred
in summer.

So, there 1is this strong <correlation between
tenperature and nortality, and what we have here is a
slightly less effect estimate of fine particles. And the
standard errors now are about the same. So, we have used two
LCESS snoot hs in our nodel .

If we go to a spline snoother, the sanme type of
t hi ng. The spline snoother has a greater tail for
tenperature here than in here with the convergence criteria,
and as the convergence criteria gets better and better, we
change the relationship between nortality and tenperature,
and we go down. As that relationship changes, we get |ess
and less of a fine particle effect.

So, here is a case where, now, | have got these
strict convergence criteria all the tinme. So, | don’t worry.
| have gotten rid of the problem of the convergence criteria,
and now | amgoing froma LCESS function of tinme to a natural
spline, and I am doing a LOESS function of tenperature, so
that stays the sane. So, here, this relationship wth
tenperature and nortality changes, and when | go to a natural
spline in this case, | get a plateauing. | don’ t get any

cold weather effect anynore. And now, | am going down from
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10.97 to 6.61, so | am going down quite a bit, and | can

start to see that the standard errors are starting to go up

So, as | put in a paranetric nodel for time, it
starts to inflate the standard errors. |If | have a snoothing
spline versus the natural spline, the sane thing. The

snoothing spline is much closer, and the difference between
the PMeffects are nuch closer also, but, again, | get a nuch
hi gher standard error.

And here is the natural spline with a natural
spline for tenperature and a natural spline for tine, and
this is a 4th degree polynomal, so this is tenperature,
tenperature squared, tenperature cubed, tenperature to the
4th which happens to be the optimal polynomal to node
t enper at ur e. And, again, you can see that these two curves
| ook simlar, and the effect estinmates are simlar.

And the | ast one of these plots is what | have done
now is | have kept the nodel for tenperature the sane, and |
have just varied the nodel for time, and you can see that
whatever nodel | put in for time changes the relationship
bet ween tenperature and nortality even though | am using a
natural spline all the tine for tenperature. So, you can see
how t hese subtl e rel ationshi ps are having an effect.

So, what is happening is the way that | nodel
time-nortality relationship affects the way that | nodel the
weat her-nortality relationship which affects the way...ny
estimate of air pollution and nortality.

Unfortunately, this is nodel sensitive. How | do
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that...okay...how | do that cascadi ng nodeling of very highly
colinear variables ends up being sonmewhat nodel sensitive.
And that is, you know, conpletely against the first slide |
showed you where if | only had tine and air pollution, | got
exactly the same results. Ckay? So, putting that weather
variable in has really changed everything.

Now, | am going to just briefly go on and talk
about an eight-city Canadian study of nortality and air
pollution, and | present these results, because it is sort of
like the type of study the NMVAPS anal ysis, and you guys are
ten tines the population and have ten tines the nunber of
cities al nost. So, we only have eight cities where we have
real fine particle data.

So, we have daily non-accidental deaths in eight

cities from 1986 to 1996. It is an 1ll-year period. These
are sort of the nost populous cities in Canada. PMg val ues

wer e obtai ned on a six-day sanpling schedul e from di chot onbus
sanplers. It turns out that, |ike NVMAPS, the previous day’ s

exposure di splayed the | argest ri sk.
Now, we are dealing with fine particles, not PMj ¢

here, and it turned out from our weather nodeling that daily
average tenperature and the mnmaxi mum change in baronetric
pressure within a day which we always find is actually the
strongest predictor of nortality of any weather variable, so

it usually represents a frontal activity...is in the nodel

and these results were first reported in 1 nhal at
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Toxi col ogy in 2000.

kay, if we conpare LOESS, the fine particle
paranmeter estimates wunder a LOESS nodel wth the weak
convergence criteria and the strict one, you can see that
bei ng below the line here generally nmeans that the LOESS with
the weak convergence criteria gave us generally higher
estimates than the nore strict one.

The splines, actually, the snoothing splines were a
little bit nore variable, though they were sort of clearly
| oner except for sort of one point up here. And the LCESS
with the strict convergence criteria and the natural splines,
the LCESS still tended to be higher than the natural splines
except for one city, and that city happened to be Cal gary.

What happened in Calgary was that the actual air
pollution data was quite consistent. There weren’ t really
irregular patterns, but the way that these different
functions nodeled weather was quite different. So, the
opti mum nodel using a LOESS term and the optiml nodel in a
spline term gave us quite different results, so you got a
different air pollution effect. And the snoothing splines
and the natural splines.

The standard error issue has been seen before. The
natural splines tended to always give us a higher standard
error, and as the standard errors got bigger, the effect of
this bias becanme proportional.

Now, the summary results here are that here we have

another 10 Fg/ m3 change in fine particles in the Canadian
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cities, and if we do a neta analysis, a random effects
sumari zation of the results...|l apologize for this, Barry,
wherever you are...the LOESS terns, going to the stricter
convergence criteria tended to dimnish the effect sonewhat,
the snmoothing splines had a little bit bigger sensitivity to
the convergence criteria, and the natural splines which
really aren’t sensitive to the convergence criteria at all, at
| east what we find, gave us a slightly lower result.

| mean, here is zero down here. Qur general
concl usions, obviously, aren’ t changing. W are getting
smal ler point estimates, but, obviously, they are highly
significant.

Now, one of the intriguing things that we found in
this analysis is that we could detect our estimtes of
het erogeneity of effect across the cities were positive when
we had the LOESS functions, but when we went to either the
snoot hing spline or the natural spline, we renoved all that
het er ogeneity. So, in this one exanple, it actually pushed
the actual estimates closer together. So, that is even when
we had these wunderestimates of standard errors in the
snoot hing spline, we still couldn’t see any heterogeneity.

That is why we have to always reanal yze these data
sets or | would actually prefer to do new and better studies
is because, for instance, the standard errors on the LOESS of
the pooled estimate were actually the sanme as the natural
spl i ne. Okay? Because there is extra heterogeneity here,

and there is none here. So, you never know what you are
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going to get. Things could change quite dramatically.

Now, Francesca nentioned...| talked about the GAM
standard error issue, and we actually discovered this issue
not looking at tine-series data but |ooking at the American
Cancer Society cohort data. | have a couple of slides at the
end on that which I’ll get into.

Model s contai ning nonparanetric snooth variables
wWill underestimate the standard error of the air pollution
effect if obtained from sort of general statistical packages
such as S plus or SAS. The anpount of underestinmation
depends on the nonlinear correlation between the snooth
variables and air pollution, and that nonlinear correlation
in snmoothing is called concurved.

So, what these packages do is they essentially
assume that the nonlinear snooth variables are actually
linear variables when they go to calculate the standard
error, and they do that because it is easy to conpute. So
they save conputational effort in here. Qoviously, in
studies |like this, that has a real inpact on estimtes of the
standard error.

There is, in theory, an exact variance estimtor,
so we could do a correction, but it is extrenely conputer
i ntensive, and t here has been devel oped a | ess
conput ational Iy intensive approxi mati on whi ch exi sts.

We have programred that up, and | have sent that
around to a nunber of people, and Lucas has actually been

playing with this a little bit. In situations we have | ooked
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at, we haven’ t seen any problenms with it, but Lucas has
actually found a couple of situations with kind of sparse
data with a lot of smooths in it in which the actual
approxi mati on doesn’t | ook very good. So, we are going to
have to, if we are going to use this approximation at all as
a correction factor, we are going to have to look into this
very seriously.

In multi-city studies, as a nunber of people have
indicated, there tends to be less effect on the standard
error of the pooled estimate. That is certainly because we
have two sources of error. W have uncertainty within a city
and heterogeneity between cities, and we are just trading off
those. As we inflate the uncertainty within a city, we are
just trading that off with the heterogeneity.

The difficulty is that it can have a very |large
effect on our estinmates of heterogeneity, and like |I said, in
our eight- city study, we thought we had sone evidence of
het erogeneity under one nodeling approach. Under anot her
one, we find no evidence of heterogeneity.

So, our conclusions there in these multi-city
studi es, you know, could really be different.

So, air pollution effects can be sensitive to nodel
assunpti ons. The sensitivity turns out to be a function of
t he nunber of snmooth variables in the nodel, the anount of
nonlinearity and concurvity in the regression variables...for
instance, if | put in a linear term for tenperature and |

apply all these different nethods, | tend to get a small
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anount of sensitivity but not very much. So, no tenperature,
all the results look alnost the sane. Linear term for
tenperature, they look a little bit different but are very
close. As soon as | put in a quadratic termfor tenperature,
boom they all change.

So, it is this nonlinearity in the data that is
driving this, and this has a mjor issue with nodeling and
weat her effects.

One of the things that people started to do is they
started to say well, weather is a potential confounder. | t
is another explanation for the air pollution effect. W’ I
put nore and nore weather variables in the nodel, we wll
make them highly nonlinear, we’ ||l stress the data, and it
turned out that the nore weather variables you put in, it did
have sone effect on the PM effect, but PM  still
survived. .. okay...using these snooths. And | suspect if we
really, you know, hamered these data the paranetric
functions, the PMeffect may be nuch nore sensitive to that.

But that doesn’t nean...like | can always throw a
bunch of wvariables in. | can throw enough uncorrel ated
variables in, and | can explain all ny data.

So, again, we have got to conme back and revisit, |
think, the idea of what are optiml weather nodels. How nuch

nmodel i ng of weather do we really want to do? How nmuch do we

believe that going from 76 to 77E F is going to kill sonebody
whi ch these which these current weather nodels suggest they

do? So, | think this is going to be another area of nmjor
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research for us.

Sensitivity appears to be on the absolute scale, as
has been nmentioned. |If the risks were 20 percent and we went
down to 19 percent, nobody would care. Right? | would not
have the pleasure of addressing you today. The fact is the
attributable risks are around a few percent, so when they go
from2 percent to 1 percent, that nakes a big deal

And if you talk to people that work in snmoothing in
this area, you know, they’'d say well, you know, you are really
stressing the data. You are really stressing the data with
these nodels. You are trying to find a very small risk with
a |l ot of confounding variables, and you can’t expect sonething
for nothing.

So, | wouldn’t be too hard on the devel opers of GAMs
and the software and so on. It really is a difficult
si tuation.

The properties of GAMs, although if you read the
GAM literature, it turns out that nobst of the properties,
whet her al gorithm convergence, or knot, and a |ot of other
things all assune no concurvity, no correlation between the
regression variabl es. So, here is an area that maybe is
prime for statistical research is if we start to add in sone
concurvity, can we actually push through sonme interesting
statistical results for these variables.

Nat ur al spl i nes shoul d be gi ven serious
consideration. At the beginning of the talk, | said | didn t

like them for a nunber of reasons, where we pick the knots,
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t he nunber of knots. Joel nmentioned, and | concur, that
sonmetimes these things can be very whippy, so they |ook like
a roller coaster ride, especially at the ends of the data,
and you really believe that that is a real, true biologica
ef fect or not, where the snoothing variables give you what we
think of as, a priori, a nmuch nore reasonabl e dose-response
nodel .

So, we are going to have to really look at that,
and | think Mtch Klein is going to talk to us shortly. I
think he has tortured sonme of these spline nodels and | ooked
at that.

They do provide nore flexible nodels in certain
parametric approaches but maybe sonewhat |ess flexible than
GAM so there may have to be sonme tradeoffs here. Possi bl e
[imtation of handling irregular or mssing values, | think
that has to be a major concern, and we have to do a nunber of
studies to | ook at that.

W need to stress natural spline in all reasonable
si tuations. If they are going to becone our nmgjor
alternative or one of them we don’t want to have this kind of
nmeeting again in a couple of years. You know, we have really
got to take some patience. I nmean, | would really suggest
that we nount new studies as opposed to reanalyze ol d ones,
that we take sone tine to look at this issue, that we don’
rush in and say okay, we have got the answer now, and then,
six months fromnow, we are going to have anot her answer.

And we need to develop an approach to evaluate
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these nethods in general, because usually, in statistical
anal ysis, you develop a nethod that is optimal for certain
reasons. You say this nethod is going to do this, and then |
amgoing to see if that method does that.

And what we are asking here is we want one nethod
or a handful of nmethods to do everything. W want to take
any data situation, any anount of conplexity, and we want to
be assured that we are not too far off. And that is alot to
ask.

Then, for a specific data set, you go out and do a
study, how do | know that the analysis that | am doing is not
way off base? How am | going to figure that out? Is it
going to be sinmulation? 1Is it going to be something else?
And how do | actually sinmulate a true underlying nodel when
don’t know what it is? OCkay? So, there are really challenges
here to this.

Now, I wll just talk a mnute about the American
Cancer Society study. GAMs were not used in the original

publication in 1995. The followup period was 1989 to 1989,

and that was published by Arden Pope in ‘ 96. The GAME were

also not used in the HElI reanalysis, so Dan G eenbaum is
qui te happy about that, | think.

Again, it was ‘82 to ‘89 foll owup. W used severa
methods to account for spatial autocorrelation. In that
followup period in the ACS study, there was very strong
evi dence of spatial autocorrelation. That really tells us

sonet hing about what is going on in the data, but it also
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confuses us about the statistical properties of our nodel.

In this case, what we did is a nunber of things.
W had regional indicator variables. W used the dreaded
seven regions analysis. W had region-specific analysis that
we |looked at so that we could try to reduce spatia
aut ocorrel ation. W did spatial filtering which is kind of
like a spatial analogue to a 15-day noving average filter for
time-series data, and we did things <called spatial
aut oregressive nodels which is, again, an analogue in space
of tinme-series nodels. But we didn't specifically use GAMs.

Now, | had the bright idea of saying after the
reanal ysis was over, to say well, if we want to renove seria
correlation in tinme- series data by fitting snmooths of tine,
then, if we want to renpove spatial autocorrelation in spati al
cohort data, why don’ t we nodel a surface and a nortality
surface?

W did that, and we published a paper using spatial

GAMs that we developed in Environnental Health Perspectives

in 2001, and this nethod worked beautifully. It certainly
did control for all the spatial autocorrelation that we
want ed.

kay, the JAMA paper of 2002, this was a |onger
followup period, 1992 to 1998, and what happened over the
90s in the ACS study is that, basically, the nountain of
residual nortality in the rust belt below Lake Erie that
occurred in the * 80s was gone, and there were a lot of

hypot heses for that, but, basically, in this data set, there
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was no evidence of spatial autocorrelation, and there was no
need to use generalized additive nodels or spatial GAM nodel s
in the prinmary analysis. So, nost of the paper doesn
i nvol ve GAMs, and there is really no use for it.

Now, Arden and | talked, and Arden said you know,
Rick, | love these spatial nodels so nuch. So, why don’t we,
as part of our sensitivity analysis, why don’ t we put it in
and see what happens?

So, there is a figure in the paper that includes a

spatial GAM of the sensitivity analysis, and if we added this

surface in, even though we don’t need to, it turns out the PM

10 effect was robust to that. Now, of course, if there is no

spatial autocorrelation, this type of thing should happen.

| went back and reanalyzed the data wth the
stricter convergence criteria. Now, we don’t have an anal ogue
of ...like natural splines in two dinensions. In fact, like I
said, the reason that we found this error in the GAM was t hat
we had a two-di nmensional snoothing spline nodel, and we are
conparing it to our LOESS snooth for space, and we are doing
sinmulation studies to figure out the properties of these
nodel s. In that case, the <correlation between these
variables is nmuch greater, and the underestimation of
vari ance was nuch nore pronounced.

We first thought that we did a programm ng error
and all this kind of stuff, and eventually, we convinced

ourselves that we didn’t, and then we had to sort of reverse
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engi neer S-plus to figure out what was goi ng on.
But , basi cal | y, in these nodels, the nodel

cont ai ned only one snooth variable of X,y coordinates and air

pollution, and like | said, in those sinple cases, all of
these problens really don’t seem to exist. So, really, the
spatial...we don’t really need to do it, but even if we put it

in, the air pollution effect is robust to that.

Now, enough sai d.

DR. HOPKE: Let me stick in the first
guestion, because one of the things you said in there was
that now one could properly estimate the confidence
intervals, but it was conputationally intensive. Can you
give us sone idea as to how computationally intensive? Wat
is the penalty for doing the whole ball of wax?

DR.  BURNETT: Wll, to do the exact
estimator, you have to do...l think it is the nunber of the
snooth variables squared tinmes the nunber of data points
squared, the nunber of GAMs. So, if | had 1000 data points
like a short tinme series, it is 1000 tines 1000, so | would
have to do a mllion regressions.

Now, there 1is an approximation that has been
devel oped for this, that | haven’ t devel oped, but Trevor
Hastie had this developed, and it only requires about n GAM.
So, if you had 1000 or 10,000 tinme series study, you would do
about 10,000 GAMs. And that can certainly be done. The

guestion | don’t know is how many people have | ooked at this,
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how many people have used it. Like | said, Lucas has even,
in a little data set that he is working on, found that
sonetimes the...when you run all these GAMs, that if you run
1000 of them they don’t always converge. The way that it is

done is you are estimating sort of very sparse quantities in

t hat .

So, it is tractable but...and it may be doable, the
approximation is doable, but | think that I wouldn’ t run out
and just do it. | think we need to study the properties.

DR MLLER You nentioned the nunber,
but what is the conputational tine? | am used to seeing

solutions for CFDs that run for three days for a single

sol uti on.

DR. BURNETT: Well, that is about...

DR. MLLER Way woul dn’ t you invest and
t ake. ..

DR. BURNETT: Sure enough. No, like I am
saying, but like |I say, | don’ t want to invest in sonething
that | am not confident about. So, | think once...if it

turns out as we study this and it turns out to be a
reasonabl e approximation to the standard error, then the
conput ati onal investnent is not big, you know. | don’t think
it is a problem

DR. HOPKE: Francesca?

DR. DOM NI Cl : | just wanted to nmke a

techni cal coment. He correctly said, pointed out, that
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whenever you have only one small function, using the nopst
stringent convergence criteria doesn’t matter, and al so, when
you use GLM going to the natural cubic spline doesn't matter
and there is really an answer why it is not happening, and
the answer is that this procedure of the generalized additive
nodel, if you have only one snmall function, there is a closed
form solution for the algebraic function. So, there is no
conver gence goi ng on.

So, | just want to make clear that if you have a
nodel with just one small function, the convergence criteria
does not matter, because there is nothing that tends to
conver ge. It is just one fornmula which will give you the

answer. So, that is all.
DR MLLER | had one other question
DR HOPKE: Sure.

DR MLLER You nentioned, as you were
presented, that such and such was the optimal for the span
for this data. What is the criteria that is applied for that
optimality decision?

DR. BURNETT: Wel |, obviously, everybody
is going to have a different criteria. What...the philosophy
that | take is a nulti-stage phil osophy. The first thing I
do is find the span or the nunber of knots and the nunber of
degrees of freedom and the snmooths the line such that the
evidence that the residuals are white noise is great. So, if

| start to overfit the data, | start to get sort of a ringing
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inthe data. So, | try to nake sure that that happens.

| also try to nmke sure that | have at |east
accounted for some seasonal cycles, because sonetines, you
can get very low event rates, very small cities, and it is
very hard to see the seasonality, but | still believe that
nore people die in the winter than in the summer even if they
are in a small town.

So, you sort of take the criteria that...l want to

at least account for seasonality, and then, how nuch nore

than that do |I want to account for | based on a white noise
criteria.

DR. M LLER | think the point you are
bringing up is it is, in part, up to the individua

i nvestigator as opposed to an abstract physical criteria.

DR BURNETT: Yeah, there is no...and
different people will have different criteria, and then |
bring in the weather nodels and say how many...how much
snoot hing should | do to, you know, ny best predictive power
like an AIC or sonething like that. So, everybody is going
to have...l nean, there is, | don” t think, any...if | had a
room of statisticians here, 1’ d have 1000 people with 1000
di fferent opinions.

DR MLLER  Just also, Bill, Dan, for a
2 gigahertz clock with a gigabyte of RAM in the sane way of
our CFB nodels, we have gone from days now down to hours, and

you'l | get there, too. | don’t know where it is, but..
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DR, BURNETT: Well, | guess one of the
issues is that if we are sort of obligated to do this kind of
sensitivity analysis, it wll take a lot longer to do a
study, and how many journals are going to want to publish
10, 000 regressions, you know.

DR. HOPKE: Petr os?

DR. KOUTRAKI S: I would like to say that
factor analysis and the source apportionnent, how you do it,
in sone cases, it is going to go...our update is pretty
soon. ..when people realize, you know, that if you use these
met hods, it can be very subjective. So, | hope that people
are not so...going to repeat the sanme n st akes.

DR. BURNETT: W didn’t, but | think the
message is, you know, always, you know, be cautious and keep
doi ng good work. And the other things is, | nean, | don’
view this is as an...people say this is an error or this is a
problem | view this as an opportunity, because now we have
an opportunity to understand nore about what is going on and
an opportunity to maybe do sonething interesting. So, | don’t
viewit as an error.

DR. HOPKE: Geor ge? And identify
yoursel f, please.

DR, POOLSON: George Pool son, NYU Schoo
of Medi ci ne. | just wanted to point out that this question
of concurvity and each correlation of the weather terns with

pollution, we have exam ned this as a published paper that

t
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Cazio and | have in the Journal of Exposure Analysis and

Envi ronnmental Epidem ology last year but wth respect to

ozone. W showed pretty much what you are pointing out, that
as the interaction of the weather term with the pollution
termrises as you get inordinate amobunts of intercorrel ations
of the beta, then, you know, the pollution effect...l have a
feeling that in the NVMAPS nodeling, that nay have been a
factor in why ozone is not as significant as it would
otherwise have been, but | think that 1is wrthy of

i nvestigation.

DR. HOPKE: Rich?

MR. PO ROT: Just maybe an observation to
begin with.

SPEAKER: Use the m ke, please.

MR. PO ROT: There's a little bit of wood
snoke and bricks folks sent down to us a couple of weeks ago.
One of the...natural background, by the way. One of the
influences was an estimated 10 to 12 degree suppression in
the tenperature over a huge spatial scale. So, | guess, you
know, just there could actually be an error, you know, in
your central diagramfor the effect that air pollution has on
weat her.

And the other observation was that it occurs to ne
there is alnost a whole separate body of literature in
workers that are very involved in trying to understand sinply

the influences of weather on air pollution per se in order to
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tease out other aspects of causality, and it would be a
really productive future gathering to get that group together
wi th your group

DR.  BURNETT: And | think one of the
things that is going to conme out of this is that, you know,
there was a debate a few years ago about weather, and | think
that sone of the analysis done at that time said well, it
doesn’t really matter how you do weat her nodeling, and we sort
of moved on fromthere, and | think that is sonething that we
obviously have to revisit.

DR, HOPKE: Ckay, | think we have really
got to nove on here. Thanks very nuch, Rick.

Qur next speaker is going to be Suresh Mool gavkar

He is going to talk to us about his reanalysis of the

Three-Cities study.

DR.  MOOLGAVKAR: First, I would like to
make a correction for the record. | ama consultant to...and
instructor...an association of trade organizations...|l said
t hat I am a consultant to a consortium of trade

organi zations, including the ASI, but ny affiliation should
read the Fred Atkinson Cancer Research Center and the
Uni versity of Washi ngton

| knew that Rick would do a terrific job, and he
did, and | think he illustrated really well the fact that
statistics is a good servant but can be a terrible master. |

really feel, now, that sone of the literature in |ooking at
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the epidemology of air pollution and human health, what we
are seeing is the tyranny of statistics, fancier and fancier
statistical technology pursuing snmaller and smaller risks
and, sonetinmes, | think, at the expense of conmon sense.

What do the GAM problens have to say about the
results of previous analyses? One of the things | would Iike
to say is something that Rick also observed, is that if you
are |l ooking at actual nunerical values of estinmates, then it
can nmake a substantial difference, but if you want to | ook at
the pattern of results, if you want to | ook at results across
a lag of zero find days, or if you want to | ook generally at
t he shapes of curves, then the new convergence nethods, the
nore stringent convergence criteria, don’ t seem to make all
t hat rmuch difference.

So, let me ook at one exanple here of an analysis
that | did in Cook County. This is a full air analysis wth
only one pollutant in the nodel but with time and weather
controll ed using GAM net hods that have been used for the |ast
half a dozen years, and this is with the |ess stringent
convergence criteria. You can see the shapes of the
exposur e-response rel ati onships between daily nortality for a
lag of zero to five days, and you can see that these shapes

seem to indicate that there is little influence of PM on

nortality for a concentration of nore than 50 Fg/m3. So, you
can see that for each one of the days.
So, in order to look at this a little nore closely,

what | did was | | ooked at the analysis of total nortality in
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Cook County restricted to days on which PMj g exceeded 50 Fg/ m

3. The top lineis GAMwith the |ess stringent convergence
criteria, and the second line is generalized l|inear nodels
with natural splines. Wat | have here are the coefficients
and the standard errors.

VWhat you can see is that the background remains
nore or less the sane. You have three negative coefficients,
al beit there is a fairly sizeable change in the nunerical
value of the ~coefficient, but you have both negative
coefficients at lag 1, lag 4, and lag 5, and you have
positive although quite insignificant coefficients at lag O
and | ag 2.

| have done only limted exploration using natura
splines and using the nore stringent convergence criteria
but this is ny inpression, nanely, that broadly speaking, the

general pattern of results don't seemto be altered too nuch.

VWat | mnmean is you don’ t pay too nuch attention to
nunmeri cal value of the coefficients.
But now, what | would like to do is to take an

exanple, and I am going to be using NMVAPS of the bottom case
in which, when you conmbine results from 90 cities across the
nation, what you are doing is taking, quite literally, the
estimates of the coefficients that you get and the standard
errors. In other words, the first basic assunption is that
the only variable you get is the statistical variable you

get, although that we know that the wvariability from

t he
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non-statistical sources is |like to be nuch |arger.

So, let nme illustrate here what happens when you
| ook at the old NVMMAPS anal yses and the new NWVMVAPS anal yses.
As was pointed out by Dr. G eenbaum earlier, this line, the
hori zontal and vertical line at zero, indicates that, in this
guadrant here, there are a nunber of cities that were at
positive coefficients in the old analysis but have either
negative or zero coefficients in the new anal ysis.

But what | am looking at here is really the key
statistic from the new analysis plotted versus the Kkey

statistic fromthe old analysis, and the red line up there,

t he dashed line, shows you above the horizontal line are the
cities that were statistically significant in the old
analysis, and to the right of the dotted line, you have

cities that remain statistically significant in the new
anal ysi s.

You can see that out of the 90 cities, only 2
cities remain statistically significant in the new anal ysis,
and there is one city, Little Rock, that has a negative
coefficient that is nore or less statistically significant.
It is statistically significant.

Now, this could be sanpling variability, but is it?
Wiy New York and Cakland? New York, of course, is a large
city, has a large power, a lot of daily deaths, so, of
course, what you see is statistically significant. You
expect to see a statistically significant result there if

somet hing i s going on.



U.S. Environmental Protection Agency - Clean Air Scientific Advisory Committee
Particulate Matter Review Panel #6102-1 7/18/02 Lee O

But why Qakland? Wiy not Los Angeles? Wiy not
Chi cago which is right around here? And Chicago not only has

a large population with a large nunber of daily deaths but
al so has daily nmonitoring of PMpg, whereas New York and

Cakl and have only every six-day nonitors. So, why is Chicago
not significant in this, and why is Little Rock negative and
significant here?

Now, | think there is nore to determ ning whether
there is heterogeneity in the data than doing a sinple
statistical test. | think Dr. Schwartz indicated that the
chi - squared test of heterogeneity is not significant in this
case. Well, that test has very little power. In any case, |
think that there should be other considerations that go into

this than sinply statistical considerations.

Now, one of the things | wanted to do, | was
curious to do, even though, in the presence of such
het erogeneity, | don’t think | would attenpt to arrive at a
single estimate of coefficient for PMg effect, | sinply

wanted to see what would happen if those two outliers and
this third outlier were renoved fromthe data set and if we
did a hierarchical Bayes analysis on the remaining 87 cities.

In order to do that, let me explain how ny anal yses
differ from the analyses carried out by Francesca and her
col | eagues. | have tried to understand what they have done,
and Francesca has tried hard to explain it to ne, and ny

understanding is that there were two distinct nodels
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considered by the HElI group. They | ooked at the 88 cities.
| think that Honolulu and Anchorage were not considered,
because they couldn’t be assigned to any one of the regions.
That is nmy belief. So, they |ooked at 88 cities, they did a
Bayes analysis, and arrived at an overall estimate of the
mean distribution and al so Bayes estimates for the 88 cities.

They did a separate what they called a T stage
analysis in which they |ooked at 88 cities that were divided
into 7 regions, and then they had an overall effect. Now, it
is not clear to me where the overall effect of 0.21 cones
from whether it comes from this analysis or this analysis,
but this is ny understandi ng of what was done.

Now, | find, before |I tell you what | did...oh,
can also tell you that when doing the Bayes analyses, the
Johns Hopkins group used what are called conjugate priors,
and that sinplifies the conputation power of the posterior
distribution. That is sinply a fact, and that is the reason
that conjugate priors are often chosen.

| wanted to have conpletely flat priors, neaning |
have absolutely no information on what is going on, so |
chose to use flat priors.

Now, here is something that | thought indicated a
problem wth the algorithm the MMC algorithm that
Francesca was using. | originally thought it was a
convergence problem but Francesca assures nme that it was
not. But | find this result sonewhat incongruous.

You see, the range of estimates for the regions is
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wi der than the range of estimates for the individual cities.
So, let’s take a concrete exanple. For exanple, the nodel
that is used consists of 15 cities. |If you |ook at the Bayes
estimates of the PMeffects in these cities, they range from
about 0.223 to 0.271. But the regional nean, Bayes nean, in
the Northeast is 0.4, and | just find it difficult to
understand how you can take the sane data set, using the 15
cities from the Northeast, get a range from 0.223 to 0.271
there, and have a regional nean that is O0.4.

| find that...l am sure that there are statistica
nodel s, especially if these estimates are derived from a
different statistical nodel than this estimate, | am sure
there are statistical nodels that you could find this using
the statistical nodels, but to me, | find it difficult to
interpret this result. To ne, it flies in the face of conmon
sense. | would have a difficult time accepting that.

Now, here is what happens when you renbve the two
positive outliers. So, here is my hierarchical Bayes in the
bl ue. The blue <color here is ny hierarchical Bayes
distribution of the nmeans for the 90 cities. It is pretty
cl ose to what Francesca reports. She reports a nean of about
0.21. | report a mean of about 0.19, and the nedian is quite
close to the nean, although |I don't think I have quite reached
convergence here, because | am using flat priors, and | am
using the parabolas Hastie’'s algorithm to |ook at the marker
for gene cargo runs, and with the flat priors, | think

convergence mght be a lot nore difficult than with the
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priors that Francesca used.

Now, here is the distribution of the means m nus
New York and QGakland, and you can see that it has shifted
fromO0.19 to 0.12. Dropping out the two positive outliers in
the data shifts the mean quite a bit.

Vel |, what happens if you put in Little Rock? What
if you put in Little Rock? | have not shown it here, but if
you put in Little Rock...sorry. If you renmpve Little Rock
also in addition to New York and Oakland, then, as can be
anticipated, the curve noves sonmewhere to the right of this
red color, and the nmean is around 0.15. That is exactly what
you woul d expect to happen.

Now, here are the original data from the NVMAPS 90
cities. This is taken from Francesca’s web site. And you can
see the estimates, together with their 95 percent confidence
intervals, and you can see also quite clearly how nicely the
confidence intervals increase as you go to smaller and
smal ler cities, because these cities are in order of their
size here in ternms of population. But you can also see a
consi der abl e amount of scatter in the data.

Now, here is what we get through the mracle of
hi erarchical Bayes. This is what happens. This is the new
beta and the new confidence intervals from the NMVAPS data
analysis, and | ask nyself, is this too good to be true? |
mean, can you actually take the kind of data that we have
| ooked at, go through these Bayesian anal yses, and conme up

with sonething like this? And even if...one can show
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mat hematically, and | can show mat hematically, because | find
t he sane thing. | can show mathematically or statistically
that this is the kind of thing that can happen and does
happen, but is this a result that we should put too much
credence in w thout thinking about it?

So, let’s ook at the assunptions that go into these
Bayes anal yses. Oh, there is another way to |look at this.
I f you |l ook at, along the x axis...

DR, HOPKE: W are running over here
sone.

DR.  MOOLGAVKAR: Well, | think everybody
ran over.

So, if you look at the HElI analysis, that is, the
new coefficients from the new NMVAPS analysis, single-city
anal ysis, they range from-2 to 2. | have the sanme range on
the y axis, and you see the HEl Bayes p statistic, and you
can see how clustered it is, and the fact there that you have
two that are statistically significant in the single-city
anal ysis, but as a consequence of hierarchical Bayes, you see
how many cities are all clustered around the statistically
significant data here.

So, | think what needs to be |ooked at are the
assunptions that are made in these Bayes anal yses. The first
assunption that is made and was discussed in one of the
original papers and in the JAVA paper in 2002, | think, was
that the actual data are replaced by the estimted paraneter

and the standard error. And a hierarchical Bayes analysis
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should be using the real data, but you can’ t use the data
her e, because it would be conputationally extrenely
intensive. So, the data are replaced by the estimted error.

Now, it seens to ne that in order to use this
approxi mati on that the asynptotic properties of t he
i kelihood have to be reached, and you have to have a very
good approxi nmation, a quadratic approximation, of the
I'i kelihood. Is the normal approximation adequate? W don’ t
know that in every city, particularly where the standard
errors are | arge.

The prior distribution for two city specific slopes
i s nornmnal

Well, how sensitive are the results to these
assunpti ons? Wiy not choose a binodal prior which is a
m xture of two distributions with one nornmal centered at zero
and the other one positive. I think this is a perfectly

reasonabl e prior distribution. It reflects perfectly that,
in sone cities, PM g is a good nmarker of air pollution

effects, and in other cities, it is a poor nmarker. That
woul d be ny belief.

Here again, the hyperprior is also nornmal, and the
results appear to be sonewhat sensitive to this assunption,
because | have used a flat prior. So, even though with ny
flat prior, | see that the Bayes estimates for the cities are
clustered together which is just a property of this
procedure, still, they are sonmewhat |ess clustered together

than if you do not use the flat prior. This is the HEl Bayes
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D versus ny Bayes D, and you can see that | have a nuch
| arger spread, and in my analysis, the original two cities
that were significant remain significant, and two nore are
added to the statistically significant group.

But...l will stop here, but my conclusion from al
this is that I think that with all these assunptions that go
into Bayes, hierarchical Bayes analysis, need very, very
careful exam nation, and now that we have the opportunity
because of this S-plus problem to take another |ook at these
anal ysis, | would hope that this is a very careful and very
wel | considered | ook.

Thank you.
DR. HOPKE: Any qui ck questions? Roger?
DR. MCCLELLAN: It is really to Francesca

and for Suresh. Are these...when we do the conbination, is

there a popul ation weighting in terms of that...

DR.  MOOLGAVKAR There is a popul ation

weighting just from the standard errors. You see, the
original data have been replaced by the nmaximum Ilikely
estimate, and it is standardi zed. The inplicit assunption
there is that the approximation to the |Ilikelihood is

adequat e, adequat e enough, whatever that neans.
DR. HOPKE: Yes, Jon?
DR. SAMET: Suresh, | would hope that you

woul d be posing these conmments provided you don’t think there

will be a response fromour team You know, | think this is
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not the place to go into...nor the time to go into details,
but I think, you know, having voiced these concerns here, |
think we need to see themin witing so that we can respond
to themfor the record.

DR MOOLGAVKAR: Well, | think you have
nost of themin witing.

DR, SAMET: Well, we are talking here
about the presentations today to the CASAC panel. | think,
to further the comments that you nmade on the transparencies
that we should just make sure that they have the opportunity
to respond to them

DR MOOLGAVKAR: Sur e. | think nost of
t hem have al ready been. ..

DR.  HOPKE: kay, our |last speaker is,
t hen, Mtch Klein from Enory University. Are you

transparencies or a conputer man?

DR. KLEIN: | am not either, but 1’1l use
t he conputer.
This is just what you are in the nood for, | know,
nmore GAMs, but 1’ Il try to be very quick, because when |

started to do assimlations this nessage wasn’t out there. |
di dn't even know what the results would be, but everybody has
tal ked about it. I think now there is a general agreenent
that GAM variance estimators do seem to the available
software, specifically, S-plus and SAS, do underestinate the

true vari ance.
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VWat may be of interest...we have talked about
multi-city studies, but what is the effect in one city,
nanmely, Atlanta? As a conponent to the study of particles
and health in Atlanta, we have been attenpting to link daily
nmeasures of air pollution with daily counts of energency room
visits. So, generally, as you have seen these nodels severa
times today, with these daily count outconme nodels, they are
typically nodel ed as Poisson with a lock link, and the node
contains a caricature term for air pollution, and sone
function of time trend, some function of nmeteorology, and
t hen ot her covari ants.

What separates a GAM from a G.M are the way those
functions are nodel ed. This time-trend neteorology in the
GM are functions...nodels functions of regression
paranmeters. Wth GAMs, any GLMis a GAM but what nmakes GAM
different is they allow these nonparanmetric snooth functions
such as snoot hi ng splines or LCESS.

Now, when we ran GLMs and the correspondi ng GAMs,
we did notice the paraneter estimtes were pretty close, but
systematically, there was a difference that the GAM
differences were larger or smaller. So, the question of
interest to us was, are they snaller because they are really
that nuch nore efficient, or is it the case that the variance
estimates, the air pollution paranmeter estinates, are
underestimating the true variance?

So, to help answer this question, we have done a

series of simulations, and I will quickly outline the nethods
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used. It shows...this is just one scenario. | want to nake
clear that it is several scenari o0s, and it is all
conmbi nations, a |lot of conbinations...should have absolutely
an energency departnent outcone. Then, we used the data from
our Atlanta study to fit a specified nodel, and this acts as
the true nodel, the underlying nodel that generates the data.

From this nodel we generate quasi- distributed
outcone tinmes series using the fitted values as the Poisson
neans. In other words, we look at our fit...generally, we
never know what the Poisson nmean for a given day is. e
think it...we are pretty sure it is a function of season and
a function of tinme, it is a function of air pollution and
what not, but this tine, we are saying that is the truth,
t hat we observed the underlying nean.

W repeat this process 1000 tinmes, and then we
anal yze the generated data using G.Ms and GAMs. So, we do
this 1000 tines. W have 1000 paraneter estinates.

W can then look at the variance of these 1000
paranmeter estimates, and that can act as a proxy for the
truth. That will be our gold standard.

W also have 1000 or along wth1l000 paraneter
esti mat es, 1000 estimated variance estimates for the
paranmeter, and we can |ook at those and take the average of
t hem and conpare that to our proxy for the truth

Now, we hope the ratios between those two estimates
are approxi mately 1.

So, scenario 1: Scenario 1, the data was generated
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using B-splines. W are nodeling the CBD and PW 5

association as they were in Atlanta. W are using nonthly
knots or equivalent degrees of freedom for the GAMs.
B-splines and N-splines which are the first two, their GLMs,
t he snmoot hing splines and LOESS to GAMs.

So, using B-splines as the truth, we had a
paranmeter value of 0.0277. Exponentiate that, and you get
the risk ratio which is about 1.28. If we had 1000 esti mates
for each of those four scenarios, so there are 4000 estimates
inall, and we take the nean of the estinates, we can conpare
that to the truth. Next is the difference. Then, we can
take the standard error of the 1000 estimates which is our
proxy for the true standard error...sorry, that’
foll owi ng one, standard deviation of the estinates. First,
if we have 1000 standard errors, we can take the nean of that
for which the first one would be 1.0122. Then, we can take
the standard deviation of the estinmates. W can take the
ratio of those previous two columms, and that ratio should be
close to 1. And, finally, we can get 1000 estimated 95
percent confidence intervals, and we can see the proportion
of tinme that those confidence intervals cover the true value
whi ch we know.

So, the bottomline is if we |look at the ratio of
this estimted standard error to our proxy for the truth, for
the B-splines and N-splines, they are about 98..between .98
and .99, and for the GAMs, the S-splines and LCESS, it is

about 83 or .83. And the coverage in the confidence

t
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intervals is very close to .95 which we would like, but for
the GAMs, the 95 percent confidence intervals are actually 90
percent confidence intervals, and this is actually one of the
hi ghest scenarios, the nost favorable scenarios for the GAMs.

Let’s | ook at another scenario, very simlar. Sane
pol | utant outcone. The only difference is this time, the
under | yi ng nodel was generated using LOESS. So, now, we are
saying LOESS is the truth. So, what happens if we do the
sanme four anal ytic nodel s?

Well, again, focusing on the ratio which is the
second to last colum, the standard errors, the ratio is
about 1 for the B-splines and N-splines and 84 percent, .84,
for the GAMs. This is just one exanple, so |I don’ t want
make too nuch of this sort of bias, but it is interesting
that the GLMs in this exanple fit the underlying nodel being
LOESS actually better than the GAMs do in this exanple.

So, here is actually 15 nore scenarios, just what
you want to see. Three colum outcones. The underlying
nodel for all of these is LOESS. And five different types of
analytic nodels. So, we are going to have 15,000 nodel s just
for this page.

The first three columms of nunbers are GAMs; the
last two are GLMs. Again, the ideal ratio would be 1.0.
That means the standard error estimates should be working
right.

You can see for the GAMs that it goes from a range

of 0.769 to, | guess, 0.88, and for the G.Ms, it seens to

to
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work pretty well, close to 1. So, that is the bottom line,
actual ly.

Just to get the...this is just one exanple to give

a feel for the convergence criteria for PMp g5 and CBDs in

this data. So, default to 10-3 up to 10-15, a seven deci mal

accuracy which is really nore than you need for paraneter

estimate. Looks like it is okay by 10-9.

Now, in this case, it does go down. I n our data,
for particles, nobst of the tines, it went down, but in our
data...and | would be curious if other people find this for
ozone, wusing the nore stringent convergence criteria, our
average paraneter estimte went up.

This was rather nice change. Sonetinmes, it was
st ronger. Generally, the convergence criteria, using the
stringent ones made the answer closer to the GLM whether it
went down or up.

Model m sspeci fication, a big topic. Now,
simulations are kind of artificial, because you generate them
knowi ng what the truth is. 1In real life, nobst nodels do not
know the true nodel. It is actually quite fortuitous if we

happen to cone upon the true nodel.

So, we assume an underlying structure. Assune
sounds a lot better than pretend. So, | amactually going to
show vyou just three exanples. There are a mllion

m sspeci fications you could do, but one is, what happens if

we speci...if in the underlying nodel you have nore degrees
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of freedom than the analytic nodel? Then, flip it around

What happens if we overparanetize the nodel and have nore
degrees of freedom than the underlying nodel? And the third
scenario is, what happens by shifting knots in a GLM?

So, in this case, the underlying nodel was nodeling
wi th seasonal splines, seasonal knots. 1Is that right? No, |
am sayi ng that wong. The data generated was LCESS. The
data was analyzed using seasonal appear ance, but the
underlying nodel was nonthly knots. So, we have too few
degrees of freedom

And in these four scenarios, the true value of

0.028, it was underestimated using all these nethods. So,
but the ratio of standard errors, it didn’ t affect that. It
was still okay for the B-splines and natural splines. The

confidence interval suffers, of course, when you get a bias

truth, because the confidence intervals won’ t cone to the

truth as many tinmes even if you have the right variance.

And now, it is msspecified the other way. Thi s
time, the data is generated using a knot every season but
anal yzed wth nonthly knots or equival ent degrees of freedom
in the GAM case. In this case, there is nuch less bias, if
any. And I don’t want to generalize this or sonmething, but in
this situation, It Is better to overparanetize than
under paraneti ze, but, of course, when you overparanetize, you
run into the risk of <controlling for the air pollution
effect, and you don’t want to control for that.

So, there isn’ t nuch bias. Again, the standard
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errors show the sanme pattern. Standard errors consistently
show t he sanme pattern

One final msspecification, now, the data was
generated her by placing a knot using B-splines on the 21st
of each nonth. So, the question is, what happens if you
shift it to the 7th, shift it up to the 14th, the 21st, or
28th? Now, there are a lot of different ways you can change
knots, but just in this scenario, it was very robust to a
shifting of knots.

I'd like to say one word about the default for
pl aci ng knots. The default 1is quantile, but 1 would
recommend actually specifying the knots so you are aware of
exactly which day the knots occur.

| think there are several good reasons. One is
just it is nice to know exactly what your nodel is, where the
knots are. The other is with mssing data, quantiles in the
data does not necessarily correspond to quantiles in tine, if

that is what you are interested in. So, if you actually
deci de. .. soneone says oh, the PWp g5 neasures really aren’t bad

in the week of February 10th, set themto m ssing, well, that
won’'t affect the paranmeter estimates, but if you use the
default criteria just with quantiles and then rerun it, you
are actually changing the nodel. You are placing the knots
at different spots.

Al so, if you have, you know, you have, let’ s say,
different beginning points and end points, a 29-nonth tine

period, if you just use quantiles, in different cal endar
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years, you m ght have the knots at totally different places.
That is ny recomendati on. And ny final summary
slide is this. Big surprise. The variance in GAMs are
underestinmated wusing the standard software, and in our
simulations, in Atlanta, it was a factor of 0.75 to 0.90 as a

general range of the standard errors.

| should point out, in Atlanta, the seasonality is
not nearly as strong as in, say, Canada, so | could see in
other cities, it could be stronger than that, and that

inmpacts the wvalidity of the confidence intervals and
statistical test.
Thank you.

DR M LLER s the take-honme nessage in
general from the GAMs that what you are thinking are 95
percent confidence intervals are nore likely 90 percent
confidence interval s?

DR. KLEIN. | can’t say it that strong.
'd say what a 95 percent confidence interval is what you think
are less than 95, and in that exanple, it was 90 percent.

There are other exanples where | have it in the |ow 80s, and

this is just Atlanta. Because the standard error is

underestinmated, it will definitely be | ess than 95 percent.
The other thing about confidence intervals, it

really depends on what the true value is. So, that is

anot her factor.

Yes, sir?
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DR BURNETT: Did you have weather in
t hose nodel s?

DR KLEIN: Yes, | have weather is 5
degrees of freedom for both dew point and nmean tenperature.

DR.  BURNETT: So, a nunber of those
simulation results look like to me that the snpothers gave
you unbi ased. .. nostly unbi ased estinmates of the air pollution
effects.

DR KLEIN: You nean the nonparanetric
schene?

DR.  BURNETT: Yeah, even wth weather
nodel s, you know, weather variables in there. So, there is
not a lot of concurvity in weather?

DR, KLEIN: Yeah, | think in Atlanta,
there is nuch...l know there is nuch less. So, | think that
probably is a reason conpared to the Canadi an nodel s.

DR. GREENBAUM One thing I was confused
about. It looked like in your...on your paraneterized nodel
that is, too few knots in your analysis here, that the bias
in the data was down, and this seened to be different from
what we were seeing in NMVAPS and other analyses where,
actually, we were increasing the nunber of parameters but the
estimte was decreased. |Is there a reason for that?

DR KLEI N: This is the way that...this
is one exanple, so | don’ t want to generalize at fast pace.

So, | don’t know.
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DR.  HOPKE: Al right, thank you very
nmuch.

VWat we want to do at this point is nove to the
public coment period. W wll do this without a break, so
any of you who need to duck out, duck out as needed. Don’
everybody go at once. So, we have allocated ten mnutes
each, and we will be quite rigorous with that so that we can
get done here at a reasonable tine today.

So, we wll just go down the |list and get started,
and as | say, ten mnutes each. W want the speaker, the
next speaker, to cone up into the on-deck circle so that we
can nove rapidly fromone speaker to the next and nove...keep
t hi ngs novi ng right al ong.

So, our first presentation is from the Anmerican
Lung Association, and that will be given by Deborah Shprentz.

MS. SHPRENTZ: Good afternoon. | am a
consultant to the American Lung Associ ati on.

Today is the fifth anniversary of the establishnment
of the NAAQS for fine particles which nmarks the five-year
deadline for the conpletion of the review under the Cean Ar
Act . This mlestone is especially critical because of the
comm tment made by EPA Administrator not to enforce the fine
particle NAAQS until the standards had been revi ewed. Now,
with the deadline for the conpletion of the review upon us,
we find ourselves still nmore than a year off from a final
rul e.

Meanwhil e, EPA and the States have not begun the
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process of inplenmenting control strategies that could prevent
the 15,000 premature deaths each year that EPA estinates are
associated with PM concentrations above the level of the
st andar ds. Each delay in the conpletion of the standards
review process inmposes a high cost on those that suffer
health effects from breathing particulate air pollution.

In order to maintain nonentum we urge CASAC to
reach closure on Chapter 1 through 7 of the Criteria Docunent
which are conpletely wunaffected by the recent software
probl em

The nessage we heard this nmorning is that the
software error does not affect the nmjor conclusions of the
Criteria Docunent. Reanal ysis of the NWMAPS study changes
the quantitative estimtes, but the nmjor conclusions remin

the same, that is, there was strong evidence of association
bet ween acute exposure to PMg and daily nortality,

particularly from respiratory and cardiovascul ar causes, but
this association cannot be attributed to other pollutants or
to weat her.

The software error pertains only to certain recent
time-series studies, and reported error has no effect on the
results of the landmark |ong-term studies of particles, the
Harvard Six-Cities study and the Anerican Cancer Society
study, both of which were reanalyzed in depth and upheld in
2000. These studies found that prolonged exposure to
particulate air pollution significantly increases the risk of

dyi ng from cardi o- pul nonary causes.
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| mportantly, since the long-term studies provide
the basis for the large risk estimates associated with PM air
pollution, these estinates remain unchanged by recent
devel opnent s.

W would like to see EPA establish a process and an
accelerated tinmetable for the conpletion of the reanal yses
and the review of the results and to establish firm deadlines
for the conpletion of the NAAQS revi ew process.

On June 20th, the California Air Resources Board

unani nously approved |owering the annual average standards

for PMg from30 to 20 Fg/m3 and establishment of a stringent

new annual average standard for PMp 5 of 12 Fg/md. CARB

wi sely decided to nove forward in adopting new annual average
standards, because the studies upon which they were based
were not affected by the NMVAPS software error.

California is a leader in air quality protection
and the American Lung Association strongly supported the
California standards for PM EPA s staff paper nuch include
options for nore stringent annual average standards such as
t hose recently adopted in California.

CARB was also poised to approve a stringent new
24-hour standard for PMp 5 of 25 Fg/m3, not to be exceeded.

California will take up consideration of the 24-hour standard
when the review of the effect of the software error in the
ti me-series studi es has been conpl et ed.

| mportantly, California enpl oyed t he
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not -t o- be- exceeded formfor all of its PM standards, both the
24- hour and annual average. The form of the standard is as

critical as the level in dictating health protectiveness.

The 98th percentile form of the current 24-hour PM

2.5 standard all ows seven exceedence days each year. This

negates the purpose of the 24-hour standard, that is, to
prevent the health consequences of high daily concentrations
that are not controlled by the annual average standard. we
note that EPA" s exceptional events policy ensures that
wildfires or other natural events are excluded from
cal cul ati ons of nonattai nnent.

The Anerican Lung Association believes that the
current 24-hour PMp 5 standard is not protective of public

heal t h. EPA" s last staff paper cited 65 specific effects

estimates from U S. and Canadian studies associating daily
increases in PMp. 5 with total nortality, cardi ovascul ar

nortality, respiratory nortality, hospital adm ssions for
cardi ovascul ar causes, respiratory causes, COPD, and asthna,
and with respiratory synptons.

The vast majority of t hese associ ati ons
denonstrating a distinct short-term effect are statistically
significant. Most of the studies reported effects at |evels
bel ow the current standards and in the range of contenporary

concentrations in nmany U S. cities.
According to prelimnary analyses of PM = g

nmonitoring data for the |last several years, only a handful of
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areas wWill exceed the 24-hour standard, and these areas wll
all also exceed the annual average standard. The nonitoring
data indicate that major netropolitan areas that attain the
annual average standard will continue to have high 24-hour
concentrations at levels clearly indicated to be unhealthfu

in many studies. Thus, the annual average standard, while
| owering distributions, is not sufficient to protect against
short-termeffects.

The evidence is clear that the current 24-hour
standard is ineffective, and the staff paper needs to include
options for strengthening the form and |evel of the 24-hour
st andar ds.

The case for strengthened air quality standards for
PM grows stronger each week with the publication of new
studies on the health effects of particulate air pollution.
In recent nonths, there has been an explosion of conpelling
new studies linking particulate air pollution with 1lung
cancer, deaths from cardi ovascul ar causes, vasoconstriction
at heroscl erosi s, stroke and heart attacks, lung inflanmmtion,
asthma, and reduced growmh in children” s lung function, and
retention of particles in the lungs and translocation of
particles to the brain tissue. The need for action is strong
and urgent, now nore than ever.

Wth a $200 nmillion investnent in PM research,
great progress has been made in addressing the questions
posed by the National Research Council. Recent research has

addressed each of the major industry criticism of the



U.S. Environmental Protection Agency - Clean Air Scientific Advisory Committee
Particulate Matter Review Panel #6102-1 7/18/02 Lee O

sci ence of PM G ven the strength of the new science, we
find the tone of the Criteria Docunent to be overly cautious
and equi vocal .

A nunber of concluding sentences in the integrative
synthesis strain to point out continued uncertainty. e
believe that the role of the Criteria Docunent is to say what
is known. This is not a research needs docunent.

In summary, we urge CASAC to reach closure on
chapters 1 through 7 of the Criteria Docunent. W urge EPA
to establish a process and schedule for conpletion of the
reeval uation of the tine-series studies and an accel erated
time table for conpletion of the NAAQS review process. And
we |ook forward to the developnent of a staff paper that
includes options for nore stringent annual average and
24- hour standards such as those recently adopted or under
consideration in California.

Thank you.

MR. FLAAK:  Thanks, Deborah.

W have an adjustnment in the schedule for the
speakers, but before we get to the next speaker who wll be
Ron Wzga on behalf of EPRI...he is switching wth Rebecca
Klerm ..l just wanted to ask how many ot her speakers m ght be
willing to, if we have to run into tonorrow, | have one
vol unteer for tonmorrow norning. Anybody else? Fred? kay,
t hank you. Just in case. W may not need to do that.

Agai n, handout mat eri al s, I woul d appreciate

getting those, and if you use overhead slides, if you don’

t
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have copies of those today, we can get those nmade while you
are here.

And one |ast thing. For folks taking breaks or
stepping out of the room it would probably be better if you
did not use the back door, because every tinme soneone cones
in and out, that rattle sounds through the whole room Use
this doorway here. This one seens to close quietly. I
appreci ate that.

Thank you.

MR WYZGA: I want to talk about the
ot her cohort study that never seens to be nentioned and |'ve
tal ked about it before, which is a study that we have been
involved in with a group at Washington University, the
met hods study. You have seen nost of these before. I will
just sort of highlight. This is a study of 70,000 U S.
veterans who were treated at \Veterans’ Admi ni strati «
hospitals. They have been followed since the md 1970s, and
there are sone characteristics of the cohort listed here, and
you can | ook at that at your |eisure.

There are a couple of differences..
SPEAKER: Could you try to focus that
nore, please?
MR. WYZGA: Sure. There are a couple of
differences from some of the other cohort studies. One is

that we |ooked at peak ozone and peak carbon nonoxi de data

rather than the annual average by taking the 95th percentile
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of hourly the ozone data and hourly the carbon nonoxi de dat a.

Because we were followi ng the group for a period of
over 20 years, we thought that it didn’ t nmke any sense to
choose one value of air pollution for that 20-year plus
period and |ook at total nortality for that period but to
break it up into different groups so that we would not be in
the position of |ooking at deaths that occurred before we
measured the pollution or looking at deaths that nay have
occurred 20-plus years after the pollution, so we broke it up
into different periods.

We | ooked at county-level air quality data rather
than data for an SMSA, and, also, we |ooked at ecol ogical
vari abl es that were included at the zip code |evel.

The point | want to make, and | have shown this
before...l only have data for G ncinnati that go back to
the...up to the 1940s and 1950s, but if air pollution is
inmpacting the health of the cohort, we don’ t know to what
extent it mght be sone of the earlier levels which were
really much, nuch higher than sone of the later levels. W
are tal ki ng about people who were dying post-1970. They were
younger in the period pre-1950. The question is, did those
values inpact their health or [|ung devel opnent? And the
answer is we don’ t know, and that is one of the things we
wanted to | ook at in sone of this study.

So, the basic design of the study was one where we
had four different air quality exposure periods, and we

| ooked at nortality in three different tinme periods, and we
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| ooked at the association between the different elenents in
this matrix so that we could find out whether or not the
early pollution seemed to affect deaths nore or |ess
simul taneously or deaths at a later period in tine.

Wen we did this, the results for particulate

matter were strikingly negative. W don’t know why, but they
were negative. \Wether we | ooked at PMg, PW 5, PM5, the

results were negative.

What was significant, however, were sone of the

gases, in particular, NOy and ozone, and when we basically

tried to | ook at ozone and NOy together to see before we
could tease out of the nodel, the stronger effects cane out
to be ozone rather than NOp.

Now, the study 1is described in the Criteria
Docunment, but it is criticized and dismssed for several
reasons, and | want to sort of address these one by one. One
is it said it should be given less attention, because the
cohort is an all-male cohort; secondly, that it included a
| arge nunber of forner snokers; that it has a w de range of
exposure nortality periods...|l tried to explain why we did
that...and it also said because it is a smaller study
popul ation than sone of the other studies, and this is
certainly not true for the Harvard Six-Cities study which has
a much smaller study population than this study, although
this study is smaller than the Anerican Cancer Society study.

If we look at the gender issue, we |ooked only at
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nmal es. If you | ook at the nobst recent study of Pope et al,
the lung cancer effects are significant for nales, not for
femal es. If you look at the Harvard Six- Cities study
results, the relative risks are higher for males and not
f emal es. In the Anerican Cancer Society cohorts, there was
not nmuch of a difference between males or fenales.

So, | submt that the fact that we |ooked only at
mal es does not bias the study in terns of |ooking at the
heal t hi er sex.

The second issue was one of |ooking at snoking
st at us. | guess two things here is that we had about 80
percent of this cohort were former snokers. This is a quote
from the Criteria Docunent, basically saying that they saw
t he strongest evidence of PM effects in current snokers and
i n non-snokers. In the basic ACS results, the npbst recent
lung cancer results, the results were simlar for snokers,
ex-snokers and current snokers. Also, we |ooked at the data,
guote, basically |ooking at both snokers and non-snokers, and
we didn” t find any difference in the air pollution
coefficients whether we |ooked at the snoking popul ation or
t he non- snoki ng popul ati on.

The principal purpose of the cohort was not one
trying to look at air pollution but one trying to | ook at the
i mpacts of blood pressure and nedical intervention on health
outcone in this group of veterans. So, we had detail ed bl ood
pressure vari abl es. The investigators at Washi ngt on

University felt it was very inportant to include these
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variables in the nodel, because they do very nuch sort of
explain health outcone and nortality outcone in particular.
One finds a very conplex relationship between bl ood pressure

and age.

So, there was sone criticism..there was criticism

that by including blood pressure as an independent nodel that
perhaps we were explaining away air pollution, because air
pollution was inpacting the blood pressure which then was
impacting nortality. So, it was suggested that we...so, what
we decided to do, then, was to look at...break up the cohort
into two groups, and we basically |ooked at those that had
di astolic blood pressure less than 95 mm nercury and greater
than 95 nm nmercury.

W found that, you know, depending upon the
pollutant, there were differences. There was, if anything, a

slightly greater effect for ozone when we |ooked at the

peopl e who had |ower blood pressure. For particulates, it
was very m xed. It depended upon the year conbination you
| ooked at, but, by and large, there wasn’ t rmuch

di fference whether we |ooked at people who had the higher or
the | ower blood pressure levels, and for PMjg for the
respective tinme periods, again, there was relatively little
di fference.

So, our conclusion in looking at this is that we
di dn't see that including blood pressure per se in the node
had any inmpact on the results, and I will show you sonething

el se that was done in a nonent.

of



U.S. Environmental Protection Agency - Clean Air Scientific Advisory Committee
Particulate Matter Review Panel #6102-1 7/18/02 Lee O

The other comment that was nade is that, you know,
we had thrown in sonme, | guess, nore explanatory variabl es
i ndependent variables, in the nodel that sone of the other
studies, and it was criticized and said that perhaps we
shoul d consi der nore parsinoni ous nodel s.

So, we did that. W basically |ooked at nodels
that had fewer variables, and let nme try and explain what we
did here. Let nme basically...so, we did it for the different
time periods. Here is an exanple that is sort of very
typi cal when we | ooked at the inpacts of 1982-1988 ozone on,
basically, the contenporary nortality period, and what | have
in the bottom graph is the ozone coefficient, and on the top
graph, | have the...l cut the information criteria, and,
basically, you want to...basically, the optinmm nodel is the
one that gives you the | owest nunber here.

What you find in the bottom here is | have our
basel i ne nodel which shows you what the coefficient was, and
then | serially deleted sone of the explanatory variables.
For exanple, height was one that the literature suggests that
taller people live longer than shorter people. Wen we took
that out of the nodel, we had a slight difference, but it
really didnt affect things very nuch.

Next, you have got body mass and age interactions.
That didn't affect the results very nuch. We next took out
the age and bl ood pressure interactions. Very little effect.
Took out the blood pressure itself, took out the blood

pressure diastolic and then diastolic variable itself, and
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you see that there are differences, but they are not very
great in terms of the coefficient of the nodel, and, in fact,
the Ikaki information criteria suggests that this nmay be the
opti mum nodel, and it doesn’ t vary very nuch at all in the
results that we find when we...the results of the full nodel

speci fication.

If 1 look at the sane data for PMf o ...this is

nodel |ooking at contenporary PMy g ...we find that as we

del ete nore vari ables, we get sone increase here, but, again,

it is not that large an increase in the coefficient of the PM

10 variable, and, in fact, the optinum nodel, again, seens to

be the one that gives us the |owest estimate of PMg

coefficient.

So, nmy concernis...and | think it is...l don’t know

why we get these results, why we found ozone, why we found NO

2. We didn’t find PMjg or PMb. 5. M concern in the

docunent...and I’ll give you another exanple...is that results
t hat are unpopul ar that sonehow don’'t seemto fit the nold may
be downplayed or ignored, and | am really concerned about
that, and I will give you another exanple.

This is a rather esoteric one, esoteric area, but
it is illustrative of what happens. There is a paper...in
fact, we had sponsored sone work by Chris Murray and Charl es
Nel son addressing the harvesting issue. It had an

interesting approach, a different approach, and it reached
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some different conclusions fromsone of the other papers that
have addressed this issue, and, in fact, it concluded that
harvesting was really quite inportant.

I actually hand-delivered this paper to a
representative of EPA in January of 2000. W sent it to EPA
physically later in the spring of 2000 and 2001. It wasn’
cited in the last draft of the Criteria Docunent. The
princi pal author of the paper sent a very angry letter to EPA
saying why 1isn’” t this even considered and here are ny
argunents. This tinme...and, in fact, we sent a letter. This
time, it is listed in the references, and it is listed in a
table that is totally...has nothing to do with the topic
what soever, but it is not really discussed in the current
Criteria Docunent.

Now, | don’'t really know whether this...l don’t want
to make any judgnent whether this is the definitive paper
but nmy concern is it raises and issue that there is another
way of looking at sonmething, and | think the Criteria
Docunent deserves to treat...to take all this information and
to examne it and to try and make sone judgnents as to where
we are.

There is a second paper in the literature that is
published in a nore obscure journal by Richard Smth who is a
professor at the University of North Carolina, and he uses a
nmodel very simlar to the one used by Miurray and Nel son, and
that is not even cited in the Criteria Docunent, although I

t hink that paper has been called to the attention of EPA
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In addition, | have a new staff toxicologist who
qguickly read the toxicology chapter, and she immediately
identified seven key studies that weren’ t listed in that
chapter, all of which were...or nost of which tend to have
negative results or show effects only at very, very high
| evel s. None of them is cited there, and | am concerned
about that.

So, | guess if | have a bottomline, it is one that
| urge you, CASAC, and | urge the Agency to really include
and address and discuss all of the relevant studies, not
sinply to select the ones that may fit sonme kind of a nold,
and, secondly, that we don’t take...throw out the negative by
different results, that we basically try and examne the
results, see how they fit in, and try and give us a better
under standing of what is going on. | suspect...l think we
all agree that the nore we dig into this, whatever is going
on, it is sonething that is very conplex, and very sinplistic
attenpts to address these issues are not going to resolve
this problem

Thank you.

MR.  FLAAK: Qur next speaker is Dr.
M chael Goodnan who is incorrectly listed as with Hunton &
WIIlians. He is wth Hecksbar, Incorporated, and he is
representing a wutility air regulatory group. Need the
over heads? Thanks.

DR GOODMAN: Good afternoon. These

comments were put together by ny coll eague, M chael Hal perin,
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and by ne, but Dr. Halperin chose to go on vacation to
Greece, so | wll take this opportunity and speak for the
bot h of us.

Fundanmentally, our review of the npbst recent
version of the Criteria Docunment revolves around five issues.
These include errors in statistical analysis of the kind that
have been di scussed today, and there is no reason to go into
it any further; lack of study of spatial pattern that we
identified in the beginning of the NMVAPS study; confounding
by copollutants; the health inpact of unspecified variables;
and, finally, the new data indicating generally nore of a
bi ogeni ¢ particulate matter.

Wth respect to the errors in the NMVAPS anal ysis,
| really don’t want to dwell on it today. For ne, as sonewhat
of a newconer to this area, looking at the results on
| eft-hand side, one would say yeah, but there nay be a story
that is energing, but if | did not know the preexisting
hi story and just | ooked at the right-hand side, | would say I
don’t know what to make out of the results. Two cities out of
88 or 90 show statistically significant results, 3 out of 7
for only one set of anal yses showing statistically
significant results by region just does not seemparticularly
convi nci ng.

If one were to take all cities and rank them an
analysis, we are thinking, somewhat simlar to one of the
previ ous speakers, one would take the data estimates, divide

it by standard error, and then rank the cities according to
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that T statistic. As expected, New York and Qakl and would
end up on the right hand to the nobst extreme |ocations,
because these are cities that showed the strongest results.

One woul d expect, then, that neighboring |ocations,
cities in the neighborhood of these two, would show. ..would
rank sonewhere cl ose. This is not the case, however. Ve
have New York and then Jersey City and Newark sonewhere in
the mddle. Wth respect to Qakland whi ch ranked second after
New York, you have the neighboring areas in California,
Sacranento, Stockton, and Mdesto that are actually on the
| eft extreme of the spectrum

Anot her conpari son would be, say, Toledo, GChio and
Cl evel and. | am trying to find it. Ri ght here. Quite
opposi te. Al t hough they appear to be grouped together in
terms of region, they seem to indicate very different
findi ngs.

Wth respect to confounding, it is clear that the
authors of the NWVAPS, after reanalyzing the results,
concluded that copollutants do not matter in affecting the
results. However, there are a nunber of studies that seemto

find very different results.

For instance, NO» seens to have a very strong
effect on PM nortality associations in the APHENA study.
Moreover, PM by NO ratio seenms to have a statistically

significant negative inpact on nortality.

Simlar observati ons, although with different
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copollutants, are true of the recent Brazilian by Kuntz and
Flowers, et al where the effects of particulate nmatter and
chil dhood nortality were evident in single pollutant nodels
but in single pollutant nodels only.

O her studies would include a Canadian study by
Stieb, et al, and this fact was actually acknow edged by the
PM CD, indicating that this study shows no independent effect
of particulate matter.

Simlar results were tentatively reported by
Bur nett, et al in 1999, but the discussion of the
mul ti-pollutant analysis result is no |longer present in the
docunent .

There was sone inportant discussion of this issue
that was present in the previous version of the docunent that
appears to no longer be included in the third draft.

Anot her i nport ant i ssue is t he i npact of
unspeci fied vari abl es. If one were to |look at sone of the
findings of the Six-Cties study and ACS study, what is
striking is that the relative risk estimates for the
associ ati on between particulate natter and nortality are very
di fferent. They differ by di fferent denogr aphi ¢
characteristics.

For instance, as noted earlier, there is also only
positive for namle, statistically significant positive for
male, but not for fenales. For females, there is a
difference by nmarital status. A particularly striking

difference is by level of education where less than high
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school education is associated with relative risk of 1.45,
while nore than high school education showed no additiona
risk at all.

Possible explanations would be there is a
correlation with other wunaccounted factors such as, for
i nst ance, heal t h-rel at ed behavi or, or possi bly some
anal yti cal errors that could produce such unexplained
findi ngs.

It is also inportant to note that seasonal
variation may have...nmy be explained by biogenic particulate
matter such as pollen, mcroorganisnms, nold. These certainly
may have an inpact on a nunber of outcones under study and
may have an inpact on norbidity and nortality. These are
just five studies that reported findings consistent with that
expl anat i on.

Again, it is sonewhat disappointing that, conpared
to the previous version, sone of the inportant text
di scussing this issue is mssing fromthe third draft.

Wth respect to our overall recomendations for the
next Criteria Docunment is that, for obvious reasons, the
results from NMMAPS and ot her studies should be corrected and
the Criteria Docunment revised accordingly. It is our feeling
that rnulti-pollutant nodels should take priority over
single-pollutant nodels and use the statistical approach.
Finally, one needs to...not finally, but thirdly, one needs
to explore the differential relative risk estimtes by

vari ous denographic and educational characteristics, and,
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finally, the role of biogenic material needs to be explored
as anot her potential confounder.

| have to add from..say from ny previous life in
the energency room | knew exactly when to expect a rush of
adm ssions and, potentially, death, and these are wusually
expl ai ned by sort of infectious disease epideniology that is
out in the comunity, whether it is an RC outbreak in
children or a flu epidenic. These things may be inportant
explanatory factors that could confound the results.

Thank you.

MR, FLAAK Thank you very nuch. Qur

next speaker is Allen Lefohn. Dr. Lefohn?

DR LEFOHN: I am Allen Lefohn. | am
from Montana, and nost of these coments will be on ny web
page starting next week. They have been submitted in hard
copy.

Comments | am going to make today reflect the

opinions of nyself, Professor Paul Switzer from Stanford
University, and Dr. Wayne Ot, also from Stanford University.
The bottom line of Paul Switzer, after reading
Chapter 8, was that a nultiplicity of <cities does not
guarantee that there are not inportant nodel deficiencies in
the common nodel and the statistical methods relied upon in
the Criteria Docunent. Because of the deficiencies in the
Criteria Docunment, we cannot draw confortable conclusions
regarding the circunmstances and nmagnitude of anbient PM

health effects or whether reported PM health effects are
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positive.

In his coments, he provides reconmendations for
i mprovenents to the nodeling effort.

Bottom |ine problens, unexplained heterogeneity of
PM health ef fects esti mat es, enf or ced linearity of
exposure-response, neaning the lack of a threshold issue by
E. There is evidence that Dr. Switzer believes, based on the
published literature, that such a threshold may exist. | f
so, that presents serious problens to the nodel

The issue of copollutant confounding and enforced
additivity in the analysis nodel itself. Once again, this
information is provided in 15 pages of coment that Dr.
Switzer had.

The inportance of a threshold, the existence of a
bi ol ogi cal threshold has potential inpact on the Ievel of the
PM st andard that has been sel ected and evi dence of reduced PM
nortality resulting from reduced PM air pollution. The
epi dem ol ogi cal nodel s assune |linearity and no threshold, and
the assunption of no threshold plays an inportant role in
much of the supporting material that the CD relies upon.

The existence of a threshold or nonlinear effect
would call into question may of the published results cited
in Chapter 8. In other words, we believe that the issues go
wel | beyond just the existing nodel problenms that were talked
about today. There are also very, very inportant issues that
we feel need to be addressed in addition to the inportant

i ssues that have been di scussed.
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Spatial gradients, Chapter 3 concludes that fine
particle concentrations are |less spatially honbgeneous in

many areas than have previously been assuned. Chapter 3
states that although PWy 5 concentrations may be highly

correlated between sites, the concentrations thenselves nay
not be spatially wuniform i.e., correlation is not a
nmeasurenent of spatial variability. Wrk by Ito, et al and
current work by Dr. Paul Switzer’ s research group show that
the presence of spatial wvariability within a study area
results in varying nortality estinates.

In the CD itself, there is a lack of consistency.

In the executive summary, the CD states analysis of recent
data fromthe PMp g5 nonitoring network show reasonabl e

site-to-site correlation anong cities. This indicates that,
in such cities, the concentration at the air nonitoring site
or the average of several such sites will provide an adequate
rep of the concentration at a sited hone, i.e., focusing on
the correlation instead of the absolute differences wthin
t he nonitors.

This line of reasoning occurs in Chapters 5, 8, and
9. There were no scientific data presented to show the
correlations instead of absolute differences anbng nonitors
is what is inportant.

It is inportant to note once again to enphasize
that a high correlation coefficient between nonitoring sites

does not necessarily nean that the nonitors’ absolute val ues
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are the same. High correlation only indicates that the sites
are increasing and decreasing at the same tine.

The ramifications of the spatial variation that has
been pointed out in Chapter 3 now, there is exposure
m sclassification. Average concentrations cannot be used as
a surrogate for comrunity personal exposure where you have
this type of variability occurring, and the existence of a
threshold effect that is coupled with the variation in
concentrations within a study will affect the predictions.

The variability of 24-hour average background PM
estimati ng background PM concentration is inmportant for the
EPA's health risk analysis that will be going on in the staff
paper. It is inportant for the risk assessnment to use the
gquantified 24-hour background PM levels at clean sites.
Wt hout an adequate characterization in Chapter 3 which does
not exist at this point regarding the clean western sites,
there will be insufficient information in the CD from which
the staff paper can draw for the Agency’s risk assessnent.

In other words, please |eave Chapter 3 open so that
additional information can be put in concerning background.

Chapter 3 states that peak 24-hour average natura
background concentrations may be substantially higher than
t he annual or seasonal aver age nat ur al backgr ound
concentrations. As an exanple of the available data we have
characterized, | have characterized background particulate
matter in using data from the 14 approved network sites or

from1l4 sites. There are many nore sites than that.
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For the approved sites, we characterized the annual

mean for PMjg; PWM 5, coarse, the annual nean of PWMp 5

sul fate and nitrate; and the annual mean of PMy g5 el enental
carbon and organic carbon; and the percentile distribution of

t he 24-hour concentrations by year for PV 5, PMg, and PM

10-2.5. in other words, the distributions of the 24

concentrations and not just the annual averages, not the

snoot hing; percentile distribution also of the 24-hour
concentrations by quarter for PW 5.

As an exanple, here is dacier National Park which
isright close to me for PMp 5. It shows the percentile

distribution of the 24- hour average by year. Notice there
is a very good consistency, and then you have your episodes
that are occurring, sonetines fires, sonetines other things,
but you have a fingerprint of natural variability, in some
cases, at the high end of the distribution so that you can,
through the approved network and if you pick your sites

right, get a pretty good idea of what mght be going on
concerning the variability of PM 5 at some very clean

western sites.

Concl usions for PM background: A | arge degree of
24-hour PMvariability exists. In its June, 2001 draft, the
EPA staff paper stated that for case risk estimates, the
Agency woul d select the m dpoint of the appropriate ranges of

annual average estimates for PM background |evels presented
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in the CD.

The use of an annual average snooths the episodic
natural PM events such that it is inpossible to take into
consideration these events when accunulating the daily PM
values in a risk analysis, and the variability of 24-hour
average for PMfor clean western sites should be presented in
Chapter 3. It is not appropriate that the staff paper use
annual average estimtes for PM background | evels.

Finally, Chapter 5, the use of the daily average
exposure is a controversial approach. Evi dence that daily
comunity average exposure has any health significance beyond
its high correlation is lacking. Because of the existence of
spatial variation and the growi ng evidence for a threshold,
i.e., a nonlinear response, the use of a daily average
exposure is inappropriate, and the present |anguage and
di scussion relating to daily average exposure should be
nodi fi ed as proposed in our detail ed coments.

Finally, in conclusion regarding Chapter 5, Dr.
Wayne Ot had identified sonmething |ike 100 errors that were
within Chapter 5. Many of them were sinple editorial errors
that dealt with equations being wong. Had nothing to do
with that is your perception or nmy perception. Only 5
percent of those changes were made. So, once again, please
focus on Chapter 5 regarding sone of these errors, and Wayne
will be a |ot happier.

Thank you.

MR,  FLAAK Thank vyou. So, our next
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speaker...you can't keep track without a score sheet here...

DR, WOLFF: | just want to nmake a
comment. \Wien we had our tel econference back in February, |
was left with the inpression that the Agency was going to
conme up with a distribution of background concentrations to
use instead of the single nunbers. Any progress been nade on
t hat ?

DR HOPKE: That was in the risk
assessnment, yeah.

SPEAKER: Yeah, we have considered that
in the risk assessnment draft that has been distributed and
possi bly can be tal ked about |ater.

DR. HOPKE: Right, that’s the other...that
is in the other half of the equation.

DR. WOLFF: But it should be included in
the Criteria Docunent.

DR. HOPKE: Right, right. Mort?

DR. L1 PPMANN: Looki ng over t he
previously submtted conments, Dr. Lefohn, | don’
anything about his claim that there is grow ng evidence for
non-threshold, and | would like to receive whatever evidence

you t hink he has show ng that grow ng evi dence.
DR. LEFOHN: [t is in our coments.
DR HOPKE: Okay.

MR. FLAAK: So, now, we are going to hear

se
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fromDr. Rebecca Kl emm

DR,  KLEMV Hel | o. | am going to nake

this, actually, very short. | won’t be ten m nutes.
| have a couple things that | would like to |eave
with you as thoughts. VWhat | want to do is update you a

l[ittle bit on an article that is included in the docunent
that | am the primary author on, Kl emm and Mason, where we
give the interimresults of the Atlanta area study. Mtch
Klein is on that sanme group of people |looking at norbidity,
and we | ook at nortality.

First coment is that our article is listed as
using GAM which is not true. W did specify natural splines
in the docunent, and it was inappropriate listed there. That
is just a correction that needs to be nade and, hopefully, it
can be.

We have been |ooking at, for two years now. ..there
were sonme comments nmade before that paper was published that
because it was only one year, the data probably wasn’ t very
nmeani ngful, and we were asked to put such a statenment in the
paper before it was published. W did. W now have two
years of data, and the evidence is very simlar, and that is
partly what | want to update you with.

| don’t think it is the amount of tinme. | do think
that, in fact, there is a lot of conplexity that we still don’
t understand, and | think you have heard a | ot of that today.

| want to tell you a couple of specific things that

we have found there, because we do have sone interesting
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specialized kind of data on nortality that is not avail able
in nmost of the nortality studies. W did collect actual
death certificates. They were redacted by the counties. W
got them contenporaneously. W had them before they would be
on a national data set. W also, actually, have information
about the decedent that far exceeds the anobunt that you would
have on a national NCHS data on nortality.

W have been |ooking at issues about where the
peopl e actually died, whether they were in institutions, and
various kinds of characterizations of their health before
they died. That is just, | think, things that should be
| ooked at later on and known about.

W do have two years of data which is really just
an added one year of data from what was in the interim data
in the JAMA article. It spans from August 1st, ‘* 98 to July
31st, 2000. What we have found and also in this area data
base, |I think, that is particularly interesting to note is
that we have addressed the |ost pollutants. There are nore
to address, there is further to go, but the interaction of

the various pollutants is where our effort has been.
So, there is a list of 16, 17, including PMg

different air quality indicators that we have actually | ooked
at, and by looking at the relationships with PM and these
various different pollutants, we have further things that we
think rai se questions for further investigation.

Wth the results we have, single- pollutant node

results...again, this is natural splines. You have heard the
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di fference. W have |ooked at all kinds of different
arrangenents. W have |ooked at GAM to see what that would
do. It does, in fact, as nost people have said today, raise
the coefficients and increase the T values slightly across
ever yt hi ng. W have |ooked at snoothing splines, we have
| ooked at B-splines, we have | ooked at different knots in the
natural splines, and the knots do not have rnmuch effect. But
what | am presenting here is natural splines over two years
wi th seasonal knots.

The only pollutant on that list that actually is
associated with the natural spline generated result with a T
val ue greater than 2, to make it sinplified, is OHC, and that
has a value of 2.45. That is different fromthe first year
when, in fact, it was negative. So, it actually has cone up
over two years as positive and the only one with a val ue over
2.

When we | ook only at the people who are at |east 65
years of age when, in fact, they die which is about 66

percent of the decedents from non-accidental deaths in

Atlanta over this tinme period, we find three. W do find PM

2.5 CO and OHC with the different values, and then we [|ook

at them together, each one of the pairs, to see the effect
that they had together which, | think, is where a lot nore
has to be |ooked at to understand. | am a statistician. I
understand all the conplexities of the problens of nulti-

colinearity. W all are learning a |lot about that. I am
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glad to see that discussed.

But at least to try and tease, beginning to tease
out these relationships, we have |ooked at themin pairs to
see what, in fact, happens as they are introduced and then
try to understand what m ght be goi ng on.

Wen PM is alone, the value on the previous slide
which is the same as the T value of 2.52. Wth CO and with
OHC, the coefficient is below 2, the T value associated with

the coefficient is below 2. CO alone ended up with a T val ue
of 2.28 when it is alone. Wen both CO and PWM 5 are in the

sanme nodel, it also is below 2, so both of them are reduced
in terms of their statistically significance. And with OHC,
it is also below 2.

But it doesn’t nmean, as we can see on the next one,
that just because you have multiple pollutants, they also
count in ternms of their T statistical values or by associated

significance, however you want to say it.
OHC alone, a T value of 2.66. Wth PWMm 5 ,

value is actually raised to 3.29.

Now, | have no explanation as to why that is. | am
just present you that these things do happen in all sorts of
ways, and digging further into understanding sone of these

things is an inportant aspect to pursue further on.

Wth CO OHC drops slightly but stays fairly close.

It is at 2.47.

So, one of the things, then, we are going to be

t he
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| ooking at later and | would propose as being useful for
ot her people to do also is to look at the various conponents
of OHC to see if there is anything in particular...we have
daily data now on that that we will be looking at to see if
we can understand better which of these potential conponents
of OHC may be, in fact, the thing that is reacting with PM
nore and bringing up the significance overall.

One of the...tried sort of OH OHC which we had not
seen before but felt now it was worth trying to understand
what is going on, and, of course, OHC does spike much nore
than PM Here is a chart of the OHC daily val ues versus the
PM and you see we have the high spike. The correl ation
between...the sinple correlation between the two series is
very low, but when, in fact, we renove sonme of the very high
spi kes of OHC, the correlation, of course, is nmuch higher.
It goes from about...up to about 0.3 and starts at about
0. 01.

Sinple correlations tell you only part of any
story, and | just want to | eave you with that nessage in mnd
to everyone. Most of you, | amsure, know that.

So, in conclusion, | just want to reiterate some of
the things we have heard today and, actually, have been said
for many years, but | think sone of them are being |istened
to in a larger context today about sonme of these nodeling
concerns and issues that, in fact, have been nentioned, but
t oday, we have heard a | ot of very good illustrations of sone

of the conplexities of the conputational nethod that people
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have been using which, in many ways, were not very well
understood at the tine they were first used.
W do see, at least in Atlanta...and | have seen

this in other cities, but | am talking about Atlanta here
particularly...the association of PM g5 and nortality in

decedents over 65 tends to decrease when, in fact, we have
other pollutants in the nodel. Now, that doesn’t nean that it
shoul d.

That doesn’t nmean that it isn’” t inportant, but |
think it is a fact we have to keep in mnd and, l|ater on
under stand what is going on there.

Correlation, sinple correlation, or even adjusted
for extrene values, as we have seen sone effects on that
today, does not provide sufficient understanding. W need
much nore than that wi thin groups, subgroups, and tines and
| ocati ons.

And, of course, we don’ t know what the correct
variables are, | think, |ooking at the conponents, and | am
very happy to be able to be working with data where we have a
| ot of AQ conponents available so it isn’t just a collection
together that we are |ooking at to get a sense of where these
things are comng from if anywhere in particul ar.

And | would quote from other people, continue to
ook at nmore nmulti-pollutant nodels. Even knowi ng the
cal cul ation conplexity inherent in that, it gives us a better

under st andi ng and consideration. It is what we need to know.
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Thank you.

DR VH TE Rebecca, have you | ooked at
the connection between OHC and carbon at all, particle
car bon?

DR. KLEMM W have |ooked at all the

conbinations, and | only presented these three, because they

are the ones where the bounds were at T values greater than

2.
OHC does not change with a lot of...l can't tell you
the exact, although | do have it, but | don’ t renmenbe
wi t hout . ..
DR, VH TE: | was wondering about in the

air, not through the health effects, but just how does OC

vary with OHC?

DR.  KLEMMV | certainly have that. I
certainly have all the correlations, but it is only the
tenporal correlations | have here. But | do have it, and |

can give that to you
Yes?

DR MLLER  Being one of the few studies
that has death certificates, to what extent have you seen
cardiac arrest with a subsequent statenent about ARMS as
secondary to that? | have |ong-gone concern relative to ARMS
in 300,000, nore than 300, 000 people dying, and | haven’'t been
able to get a straight answer yet still on a nunber of

aspects of where that may be a confounder.
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DR  KLEWM Dr. Mller, | can |ook that
up at my office. I don’ t have that with nme, but | would be
very happy to pass that on to you. W do have all of the
coded text versions of the death certificates not only as
they have been coded by a nosologist who is overseeing the
cause that you find on the series but also the text, and we
can actually answer that question, and it has never been
posed specifically, but | appreciate it. W are in a
position where questions |ike that can be answered, can be
asked and answered. It is just that we haven't been.

Anybody el se?

DR.  HOPKE: Ckay, thank you. Qur next
speaker, then, is Dr. Fred Lipfert.

DR. LI PFERT: Good afternoon. W have
heard a |ot about nunbers today, nunbers, nunbers, nunbers.
| amgoing to talk a little differently about concepts, but I’
Il give you a few nunbers, too.

These are sone of the problens that | saw in
reading this Criteria Docunent, questions | felt were
i nportant but were not addressed, and | think they ought to
be.

First of all, Les told us this norning what was in
the Criteria Docunent, but he didn’t tell us how it got there.
He didn’t talk about the process, and | am very concerned
about the process. This is the third version of this

Criteria Docunent, and it still has the sanme problens of ad
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hoc selection of studies, no clear nethod spelled out about

how they were chosen and why they were chosen. It is not a
systematic review as defined in the nedical literature; it is
an anecdotal account, and | don’ t think that is what the

framers of the Clean Air Act had in mnd

In ny |onger handout which has just arrived, I
found 180 citations that | know about that are not in there.
Now, | am going to nake a positive...it is one thing to stand
up here and conplain, but | am going to give a positive
suggestion which | hope Les will seriously consider.

That is | think the system needs to be changed
I nstead of doing PM CO or ozone or whatever one at a tine
when your contractor knows very well that he is supposed to
find the studies that neet your requirenents, EPA should be
doing all pollutants all the tine. They need to have the
staff set up to do this. It is not that hard. | have been
doing this kind of review work for about five years now for
sone clients. | have 400 citations, one or two-page reviews,
and I amnot working full time at it.

So, please take this kind of suggestion in mnd.

We have had enough. You know, three tinmes and it still have
the sane problens. Ron told you what was done with the
vet erans st udy. In our Philadel phia time- series study, we
have a table that lists 75 different pollutant results, PM

pollutant results. The Criteria Docunent picks one of them
It is the highest sulfate one, of course.

Let’s go on. On tine-series studies...have you ever
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t hought about this...people whom we think died from air
pollution are going along day in and day out fat, dunb, and
happy, and all of a sudden, boom they are dead from a
pol lutant that they have experienced many, nmany tines before
at the sane |evels. You know, study after study finds that
it is not the high values, it is the md-range val ues that
are statistically significant.

Way should this be? Well, it is clear that there
is a mssing elenent in the nodel, and that mssing el enent
is the health status of the individual which we don” t know
because it is an ecological study, but there are three
studies that address this question. Two of them are
harvesting studies which specifically analyze the dynam cs of
the frail population. The third one explains...is an aninm
tox study by Bob Hankersly that was in the EHP in January
that specifically |ooks at how ani mals behave near the end of
life when they start |osing honeostasis.

You put these two things together, and you have an
answer. These people are on the edge. Sonething pushes them
over the brink.

Now, this doesn” t tell you which pollutant to
control, but it gives you a handle on the mechanisns, and |
am really disappointed that we don’ t have sone discussion of
at least the ideas involved in how air pollution can Kkill
peopl e who were ot herw se previously healthy.

Going on down here, we have heard a |ot about the

colinearity question, and here it is again. | haven’t really
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see this discussed anywhere, and the problemis there isn’t a
good answer to this question. W  know that t he
single-pollutant nodes overestimate the effect of that
pol | ut ant . The multiple- pollutant nodels can give you the
wong answer if there is a difference in measurenent error,
if one pollutant is spiking and the other one is not.

VWhat are we going to do? | don’t know, but sonebody
shoul d t hi nk about it.

Now, let’s shift into long-term studies. | know I
am running out of time, so | amgoing to just go right down
here to the nunbers. W don’t really know the nechani sns for
| ong-term studies. W don’ t know whether they are really
acute sumed over tine or chronic, but there is one piece of
information that is right out there lurking for you, and you
don’t have it.

| have heard today several people say well, when we

tal k about the cohort studies, of course, we nean the Six

Cities and ACS. Hey, |I’ve got news for you. There are a |ot
of others. | handed you out one today. | hope you wll | ook
at it.

There are five, as | make it, and what | have done

in mking this table was just take a sinple average of all
five where it applied to, by gender...these are all causes of
deat h. And, of course, the reason nmales are not as high as
femal es i s because the veterans study is all nales.

But just |ook at these nunmbers now. This nunber is

al nost exactly the sanme size as the tine-series nunber. The
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bi g nunbers here are for ozone, but not everybody has | ooked
at ozone. The Anmerican Cancer Society did not |look at daily
max ozone. Only Gshwag and the veterans study and M chae
Gshiwa’s study have

These nunbers are essentially all the same. So, it
is not really clear, when we look at nultiple studies, which
is the bad actor here. I was very pleased to hear the
enphasis this norning on stunbling across tinme- series
studies in order to elimnate the problem of the error of
each study. Well, here is another exanple. Thank you very
much for setting that up for ne.

| would urge that, instead of the Criteria Docunent
enphasi zing one study that they happen to like, Ilet’ S give
themall a fair shake and | ook at them together.

| think I amgoing to...how nmuch tinme do | have?
MR. FLAAK:  Four m nutes.

DR. LI PFERT: ©Ch, okay, thank you.

Children’'s health, a big issue. The Criteria
Docunent talks a |ot about the study by Tracy Wodruff on
infant nortality. She finds that PMf o is responsible for
SIDS, sudden infant death syndronme, which | think is just
totally irresponsible.

W |ooked at that study and replicated, and, of
course, the first step in a replication is to take your data
and the other person’s nethod and see if you can get the other

person’s answers, and we did. That is what is in the Criteria
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Docunent. Lipfert replicates Wodruff, big news.

The big news is that sulfate is extrenely
protective of SIDS. The reason for that is because SIDS is
high in the West and low in the East. In ny opinion, it has
absolutely nothing to do with air pollution, but if believe
Woodruff, then you ought to be fum gating your child’s bedroom
with sulfate aerosol. Do | have to say anynore?

Now, the next point has to do with intervention
studies which | think are very inportant, because neither the
time-series studies nor the cohort studies are going to tell

you whet her things will get better. The intervention studies
in there don't really deal wth PV 5.

Let ne go on. You know, you have had NMVAPS until

you are blue in the face. Wll, sorry about that. Here it
is again. | am going to have to go fast. I think what I
will do is junp down here. | want to show you sone plots.

Cakland and New York are the two significant
points. Well, we thought about this a little bit. In fact,
it was Ron Wzga who pointed this out to ne. In 1991,
Cakl and had a big problemw th fires. W don’t know what the
air quality was then, because AIRS doesn’t give you the daily
val ue anynore, but | would suggest that one ought to test
whet her 1991 is a significant year for Gakl and.

And as far as New York and the Northeast goes, 1988

was a severe heat wave here. The nean PMp g in New York City

for 1988 is about 50 percent higher than any other year. So,
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we saw an excess in the Northeast. That is where this heat
wave was. | don’t think the Hopkins nodel takes |ong duration
heat waves into account. That's a hypot hesi s.

Now, just a couple nore, the question of how does
the T val ue change. Vell, with due respect to Suresh, you
showed the sanme plot turned around the other way. I fit a

quadratic to it, because | noticed that curvature in yours,

and | find it really interesting. | don’ t
expl anati on. It gets turned around the other way from what
Sur esh had.

The negative values are not affected. The positive
val ues are affected a lot, to the point that if you use this
relationship as a calibration for studies that use the old
GAM but you don’'t have information for the new GAM you woul d

say you would have to have a probability of 0.001 in the old

values to be significant in the new ones. That is a big
change.
kay, | have other plots if you want to see them
Thank you.

DR.  HOPKE: Thank you, Fred. Now, our
next speaker, then, is Anne Smith from Charles River
Associ at es.

M5. SM TH Thank vyou. | am speaking
today on behalf of Edison Electric Institute, and | al so want
to introduce nmy col |l eague who col |l aborated closely with ne on

this, Dr. Tim Savage, who has a background in econonetrics

have
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and nonparamnetric studies in particular.

The key points that | want to nake, and then I wll
go through themin detail, but, first of all, as we know from
t oday’s neeting already, the problem that has been found in
NMVAPS is wi despread throughout the literature that is being
cited in the PM CD, but nore inportantly, what we would Iike
to highlight is that we think this may just be a harbinger of
a much broader class of problens that are related to nuneric
accuracy in the types of statistical techniques that are
bei ng used.

Wth that in mnd, enphasis on nunerically

intensive and new or n-dinensional statistical nethods do

present a serious concern for nuneric accuracy, and | am
going to describe why. More generally, what | think is
needed in the PM CD is that the...well, actually, in the

epidemology literature generally is nore focus on getting
sonme insights about what is going on underlying the many
different studies that we are getting and relying nore on
transparent and traditional nethods as well as the ones...the
sophi sticated ones to nmke sure we get sonme insight about
what mght really be the effects so that we can protect
public health best.

From the point of view of risk analysis, | would
like to just say that it would be msguided to try to perform
a risk analysis that uses just current results out of the
current literature. There is far nore uncertainty than is

being represented in any statistical error even if you | ook
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at a neta anal ysis across all of them

The first poi nt, t hen, t here are many
studies...actually, Lester Grant’s handout this norning |listed
many studi es which appear to have the sane problem This is
our list, and it is really just the studies that appear to
have a problem from Tables 9.14 and 9.17 of the Criteria
Docunent. W feel that these are the highest priority for
checking and review ng, making sure that the problens there
get resol ved before any of those studies are relied on again.

W heard a | ot about bias today. Wor ki ng wi t hout
the benefit of all the information that | have heard this
norning, our position was that there is evidence that the
bias created by that GAM problem was in the upward direction
W have seen it directly in the reanalysis of the NWAPS
results, and taking into account the comrents that have been
made by Dr. Burnett prior to ny presentation, | also wanted
to give you an exanple where we may be able to see the sane
effect going on of an upward bias in the apparent effect when
using a nonparanetric approach as opposed to a paranetric
appr oach.

I’l |l come to sonme exanples, but the key point | want
to make here is that the effect of this convergence problem
is essentially as if we haven’ t really done the controlling
that we were intending to do in these studies. So, the
coefficient or the relative risk for PMw || be biased due to
| ack of control for inportant covariants to the extent that

t he convergence kind of ended prematurely.
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In a sense, that neans that the recent literature,
since 1996 where nost of the effects have appeared, where the
PM nethod has appeared, is not necessarily any nore
controlled or any better controlled than the earlier
literature fromthe previous Criteria Docunent.

Now, just quickly looking at what went on in the
Krewski version of the ACS analysis versus the recent Pope
et al analysis, the first thing |I show here is from the
Krewski report which uses paranetric controlling for spatial
aut ocorrel ati on. W t hout the controls for spati al
autocorrelation, the Krewski replication gets pretty nuch the
same result as the old Pope one. That is the replication.

Now, in Krewski, et al , when they add a
nonparanetric...l nmean, sorry, a paranetric nethod for
controlling for spatial autocorrelation and renove that
spatial autocorrelation, the all across nortality effect
falls by about 75 percent. The significance falls
dramatically as well.

That is an exanple of a fully controlled regression
on the ACS data set where we have not got the spatial
aut ocorrel ati on.

Now, in Pope, et al, 2002, the nore recent one, we
don’t see as big of a drop. Now, this is the one where the
nonpar anetri c net hod has been used.

| find it interesting, given that there was
apparently no significant autocorrelation problem that, in

fact, we do still see the drop. | think that begs the
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guestion of what is going on, and if we Jlook at the
cardi opul monary nortality, it is even nore pronounced in the
original data. W saw it drop to non-significance, not quite
as large a percent drop, but it still occurred when we
controlled for spatial autocorrelation, and in the Pope,
2002, no such response happens.

| think this is really the case when people quote
Pope, 2002 and say there has been no change in the...no
ef f ect on the result as a result of the spatial
autocorrelation fix. That does show up in the
cardi opul ronary case, but | think it raises a whole other
guestion here, whether or not there 1is any spatial
autocorrelation in this data, is why did it go away?
Basically, the sane data, the sane people, just a little, you
know, twi ce as many years of data.

Wy  woul d a strong spati al aut ocorrel ation
di sappear with eight nore years of data? | think that poses
an interesting question that ought to be explored nore. I
don’t know any reason, and | don’t have any hypotheses, but it
suggests that maybe there is sonething non-stationary in
what ever effect is underlying the ACS data. It mght have
sonething to do with exposure or neasurenents of exposure.

But the nore inportant issue | want to get to, the
nore general one, is that we really need to thoroughly
explore nuneric accuracy in general. This is because
conputers can produce very different results for the very

sane set of data, and | can depend on the sequence of
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arithnetic steps that are progranmmed into the code.
Different codes wll have progranmed the sanme statistical
technique different ways. The sequence in which the

arithnetic steps are done by the programmer can end up givVving
you different results out of the conputer, because the
conputer programmng logic in mathematics works differently
than true arithnetic.

Al so, it can depend on the format in which the data
are entered as well as the precision of the conputer itself.
None of this has anything to do wth bugs. It is just
i naccuracy that is associated with conmputers.

These inaccuracies wll occur in statistical
software far nore often than nobst people think, and this has
been brought out in the econonetrics literature just in the
| ast couple years in a very useful paper that | want to give
you a couple quotes from by MCull ough and Viard from 1999
It really enphasizes this. But the key thing is that PM
epidemology is very programmed for this kind of nuneric
i naccuracy, and that is why we thought it inportant to raise
it.

How is it fertile ground? First of all, the
bullets here represent the situation that MCullough and
Viard bring out as inportant for engendering inaccuracy
nuneri cal . Smal | values being estimated, that is clearly
what we are dealing with in a fraction of a percent on a
smal | percent risk of nortality.

Frequent use of ratios, ratios are nore susceptible
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to problens than subtraction and addition, as the proportion
of hazards are ratios. So, the very thing that we are
estimating is a ratio.

Many, many iterations of nuneric intensity in the
calculations, and this points directly at alnost all the
nmethods that are being used, but maxi mum |ikelihood
information as well as nonparanetric nethods. This goes well
beyond fixing the convergence criteria in the GAM It also
goes well beyond the GAMs. It has nothing to do wth
convergence criteria at all.

And use of random nunber generators shown to
possi bly get people into problens. The MCMC al gorithm from
t he Bayes information involves random nunber generators.

Unconventional statistical techniques, by this |
nmean relatively new ones that are just entering into practice
are also inportant. They have the | east testing.

Just a few excerpts from their paper. The
point...I1’l1l just end on this final point: The user should
al ways have sone idea of the software’s precision of range and
whet her his conbination of algorithm and data w |l exhaust
these [imts.

The recommendation that we have is EPA should
really engage in a thorough testing and bench marking of the
software that is being used, and that neans bench marki ng and
testing wwth the kind of data that are being used in the PM
epi dem ol ogi cal studi es. As MCullough and Viard say, to

fail to test that software represents the triunph of hope
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over experience and is an invitation to disaster. They give
gquite a few exanples nunerically that explain why.

Now, just to turn for a second to the Bayesian
pool i ng, we have seen this graph before. | am repeating it
for a second. The top bar is the non-Bayesian mani pul at ed
M.A controls with their error bars, and you can see they kind
of tend around zero, and we can just see the miracul ous
transformation that is really quite counterintuitive even to
people who are famliar with Bayes and Bayes 4, how it works.
It is not well docunented, and this really does denand
expl anat i on.

So, we feel that these results not only require
nore explanation, but the nunmerical accuracy of the software
requires close inspection, and we feel that the nore
important point is pooling is premature anyway even if you
were to use nore intuitive or conventional nethods. The real
guestion here is why is every...the PM effects so different
from city to city. That is what | think all the effort
shoul d be put into.

Thank you.
DR. HOPKE: Any questions? Warren?
DR, VWH TE: VWhat journal is the article
in?
M5. SM TH: Is it JAMA, | think? | have
the reference for you.

DR. HOPKE: Ckay, the next one will be a
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tag team We are going to get to start with Dr. Jay Turim
and then Dr. John Richards will take over after five mnutes.

MR,  FLAAK: Dr. Mool gavkar would have
been next, but he has graciously said he could wait till

tomorrow, so we’ll schedule himfor tonorrow

DR. TURI M | appreciate that. Vel |,
good afternoon. | amJay Turim and these comments are being
submtted on behalf of the National Mning Association,
Nati onal Stone, Sand and Gavel Association, Industrial

M nerals Association of North Anerica. W1l D Calco hel ped

me prepare the comments, and | will be speaking quickly for
five mnutes, and then ny coll eague, John Richards, wll be
talking five nore mnutes. So, if you will, let ne know when

my time is up.
DR HOPKE: Sure.

DR, TURI M The issue that | wll be
addressing is the suitability of the data presented in the

third CD to the assessnent of the exposure-effect association

between current levels of the PWM g4+ fraction which we call

PMc for health effects and the attendant question of whether
the CD supports data that can be wused to prepare a
quantitative risk assessnment for individuals exposed to PMc

| want to enphasize that our comments are directed at only

the coarse fraction. W nmeke no comrents...we are not

questioning the suitability of the Criteria Docunent for PMg
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or PMp 5. W are restricting ourselves to the coarse
fraction only.

It was about a year ago when | addressed the sane
body, and ny comments then were about the |imted nunber of
studies that were available in the second Criteria Docunent

dealing with PMc and the [imtations of those studies. W

were gratified that CASAC, in their letter to EPA

acknowl edged our major concern wth the absence of critical
informati on on PMg, and we think that statenent should be put
into the new letter that CASAC sends to EPA  because,
al t hough sone studi es have been added pertaining to PMg we
have found nothing new to alter the opinion, nanely, that the
docunment is not sufficient to support conpellingly a
dose-response rel ati onshi p.

The current studies are not adequate to denobnstrate
an exposure-effect relationship between PMc and nortality.
O the 12 new studies published since 1996 in which exposure
to PMc has been evaluated, in only three, Phoenix, Santiago,
and Mexico City, have there been any statistical associations
shown, and of those, one of them the Phoenix study, has been
mar gi nal Iy significant.

Even those studies, the CD points out, the ones
that have been statistically significant are pointed out by

the CD to have problenms. For exanple, in the Phoenix study,

the Criteria Docunent states that biogenic processes nmay
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contribute nore to observed PMc effects than other particles,

and the CD states that this entanglenent of potential
contributions of biogenically derived organic ©particle
conmponents fromthose of crustal particles in Mexico City and
Santi ago pose chal |l enges.

The situation with respect to norbidity is not nuch
better, we don’t think. It is true that since 1996, a nunber
of norbidity studies have been added to the...which have
allowed investigation of the effects of PM on norbidity
out cones. However, it has been very, very difficult to tease

out of that information contributions made by individua
conponents of the air pollution mx, especially PMg and we
think that the current evidence is insufficient to associate
coarse particle, PMip-2.5, with norbidity effects.

There are nmany different reasons why it is
difficult to associate PMg.2. 5 with health effects, and |

will just talk about one or two of them These are covered
in the Criteria Docunent. Over lunch, | was counting the
nunber of citations in the handout that Dr. Gant gave this

nor ni ng, and there were 400 epideni ol ogical st udi es,
approxi mately, of which about 5 percent related to PMpg-2. 5.
Well, one of the reasons it is difficult is because
there is a wvariability in particle conposition anong
different regions and wth seasons that have not been
adequately accounted for in many of the studies. I won’ t go

t hrough the reasons, but they are in your handout.
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The exposure data used in the PM: studies are

hi ghly suspect, and ny colleague, John, will be talking nore
about exposure nonitoring.
So, | will just conclude with this first half of

the presentation by saying that the available studies are
i nadequate to associate current PMc levels with human health
effects. W have highlighted five or six reasons the nunber
of PMc studies that have statistically significance is small.

The avail able studies denonstrate, at best, only a weak or

equi vocal associ ation between PM and both nortality and
norbidity. The studies are confounded by the presence of
ot her pollutants. The exposure data on which the studies

rely are highly suspect. The studies don’t accurately reflect
the rel ative preval ence of different particle effects.

These are anong the reasons why it is very

difficult to associate human health effects wth PMg

exposure.
Thank you. Thank you for the tine.
DR HOPKE: That’s fine.
DR. Rl CHARDS: Good afternoon. | woul d
like to make just a few nore comments to Jay’ s coments.

Again, all ny comments are directed to coarse material only.
There are three major concerns | am going to very

briefly discuss. One is that there is very limted presently

avai |l abl e coarse data or PM -2 5 data available. There is
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very little speciation data, and also, emssions data are
al so very sparse in the docunent.

Nunber two, there is insufficient data concerning
the spatial and tenporal variability of the coarse
particul ate natter. And nunber three, of course, has been
di scussed a lot. There is very little coarse data avail able
for use in epidemological studies, and | think that is an
unfortunate limt.

One of our mmjor conments is that there is very
little data in section 3.2 and appendix 3A concerning the

coarse data. The data that we do have available is primarily

in the formof difference data, in other words, a PMp

measurenment mnus a PMp 5 neasurenent. That is not a very

accurate way to assess coarse particulate material.

Nunmber two, even the difference data effect that we
have is very linmted and does not give us a good basis for
eval uating exposure in various urban and rural ar eas
t hroughout the U S. So, we have two maj or concerns about the
guality of the coarse data.

There are also brief discussions in the Criteria
Docunent concerning em ssions, and that data is very limted
with regard to the coarse data. In fact, again, there has
been a stack test nethod out for four or five years on
nmeasuring coarse data directly. Unfortunately, alnost none
of the neasurenments that have been nade or the papers that

have been discussed have been referenced or wused in the
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Criteria Docunent. So, there is additional data that would
hel p eval uate emni ssions of the coarse data.

Again, sonme of that em ssions data would be very
useful to evaluate the relative inportance of natural versus
ant hropogeni ¢ sources of the coarse material which is a
particularly inmportant issue with regard to coarse. | don’
think you will see it as much in the fine area.

Very briefly on the natural sources, just a few
points that | think could be expanded upon in revisions to
the Criteria Docunent, is there is just a very limted
di scussion of sea salt and its distribution around coasta
ar eas. There could be nore on wind erosion in rural area
climates, and that would be particularly inportant in the
West. Additional information on forest fires, including sone
m neral particulates, not just the organics from forest
fires, and also, of coarse, sonmething that is discussed in
sonme detail is the gl obal transport of the <crusta
particulate nmatter, and sonme of that, of coarse, is in the
coarse fraction

Since Jay touched on this, I will go fairly quickly

across this. Again, the coarse data is quite different than
PMg data or PMp 5. | think that is discussed in the

Criteria Docunent, but, again, sone of the reasons that the
PM o data are not a good indicator include the well-discussed

spatial variations in the coarse particulate, the differences

in the formati on nmechani sns, and the fact in the East, we are

t
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about 75 percent fine material in PMg. So, the coarse

material is a small fraction of the PMy.

Two recommendations to conclude. One thing | think
woul d be very hel pful in the process would be the devel opnent
of a reference nethod to directly neasure coarse particul ate
matt er. | think that should be given some priority. Then,
with that nonitoring technique, obviously, there is a need to
conpile considerable information concerning spatial and
t enpor al variability of t he coar se mat eri al , its
constituents, and also the characteristics of that material
not just the concentration.

So, those are our nmamin reconmendations. Thank you.
DR, HOPKE: Clarification. You are

suggesting that there are data on em ssions that aren’t in the
CD, but you are not suggesting that there are anbient
concentration data that exist in the literature that aren’t in

t he CD?
DR. RI CHARDS: The question was, are

there em ssions data available that aren’t in the CD, and that
is basically true. There are sone published papers that have
coarse primary emssion data. | think it would be hel pful to
| ook at the relevant inportance of prinmary em ssions versus
natural em ssions. | would recomrend that be got into.

| was not referring to the anbient data. Al'l the
data that is available, | think, is in the paper, but our

coment, again, is there is not nuch of that to be had.
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DR. HOPKE: All right, thank you.
Okay, our next speaker, then, is going to be Dr.

Fer di nand Vendetti .

DR, VENDETTI : Thank you. My name is
Ferd Vendetti. | am chairman of the Departnment of Medicine
at Al bany Medical College. | ama cardiologist and a cardi ac

el ectro physiologist, so | amreally feeling |ike an odd duck
in this roomtoday. A lot of energy around statistics which
| am not going to go anywhere near.

| am here as a consultant for EMA, and | am goi ng
to talk to you a little bit about sone of the cardiac studies
that are discussed in Chapter 7 and Chapter 8. I think ny
background m ght provide a slightly different perspective and
one that the committee has not heard before with regard to
t hi s dat a.

| have had an opportunity to go through all of the
studies in a fair ampunt of detail that are reviewed in the
docunent, and | have a fair anobunt of concern about a nunber
of issues, not the Jleast of which is some of the
nmet hodol ogi cal flaws from the perspective of a physician, of
an electro physiologist who has had a |ot of experience in
many of the areas that are reviewed in those two chapters.

Let me start with just four of the research studies
that are reviewed, and | would drop first to the bottom to
the Peters study, which is looking at I1CD therapies as a
surrogate for sudden death. | inplant |CDs. That is an

acronym for inplantable cardiac defibrilators. It rescues
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peopl e from sudden cardi ac death epi sodes.

As an individual actively involved in caring for

such patients, | can tell you that, as a surrogate for sudden
death, it 1is wanting. As a mtter of fact, the E P
cormunity has gone so far as to have a multi- center

controlled trial to actually denonstrate the efficacy of this
t herapy, because, as a surrogate, a device shock is very
i nadequate in ternms of telling us the patient is going to
di e.

Nonet hel ess, this particular study used that as a
surrogate for sudden cardiac death in patients who were
exposed to various levels of air pollution, and | think that,
as a result of the potential for inappropriate shocks which
are not related to arrhythnmi a, shocks for device nal function,
shocks for rhythms other than Ilife-threatening arrhythn as,
that the conclusions of that particular study are somewhat
suspect and need to be further either nodified and | ooked at,
or | ooking at actual studies of sudden cardi ac death would be
much nore appropri ate.

In addition, there are nethodological flaws wth
regards to the use of heart rate variability. Heart rate

variability | could spend an hour up here trying to explain

to you. Basically, it is a measure of the beat- to-beat
change in heart rate. This is an indication of autonomc
nodul ation of heart rate. In many prospective studies
performed in patients with cardiac disease, it has been

denonstrated to predict outcone.



U.S. Environmental Protection Agency - Clean Air Scientific Advisory Committee
Particulate Matter Review Panel #6102-1 7/18/02 Lee O

Heart rate variability is very variable, and as a
nmet hodol ogi cal issue, these are several different of heart
rate variability. They are done in five-mnute blocks of
time, and one can see, if you look at the mddle graph which
is high frequence power which is an indication of vaga
enervation or vagal changes in the heart, that there is
enornmous variability. This is during sleep, this is during
awake hours. Qovi ously, during sleep, there is high vaga
tone, and we see that refl ected.

| f we take an hour or two, however, when soneone is
up and about, you can see that there is still a several-fold
variability, three to four-fold variability, in the course of
an hour in five-mnute intervals.

Many of the studies cited in this draft docunent

use very snmall sanpling, five- mnmnute sanples, six-mnute
sanpl es. One could imagine that if that sanple was at this
poi nt versus this point, there m ght be trenendous

variability introduced into the analysis sinply based on what
i s being neasured.

In ny discipline, when we |look at heart rate
variability, we look at, typically, a nean of 24 hours to get
a true reflection of the autonom ¢ nodul ati on of heart rate.

The other major issue with regards to heart rate
variability really goes to what people or what the
investigators think heart rate wvariability inplies, nore
specifically, that acute changes in heart rate variability

m ght actually be associated with acutely with an increased
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risk of sudden death or a cardiac event. In point of fact,
that is not the case.

This is data from a study where, fortuitously, or
for the patients, not so fortuitously, 24-hour whole term
nmonitoring was being performed when there was an epi sode of
sudden deat h. In those 24 patients, the whole term
nmonitoring was then analyzed for heart rate variability
changes. What you have here illustrated are six of the
patients who succunbed when they had their whole term
noni tors on

If you just look at these six graphs, that is a
very sinple tine domain neasure of heart rate variability.
The arrows are the point in time at which sudden death
occurs. This particular patient was fortunate to be
resuscitated.

There is no pattern over tine. There is no acute
change that happens within five mnutes, ten mnutes, an hour
of that sudden death episode. The investigators actually
| ooked at the first hour of recording and conpared that to
the hour prior to death. There was no statistically
significant change. They then conpared this cohort of 24
patients to 19 patients who were age natched and matched for
norbidities, and, again, there was no difference in their
heart rate variability paraneters.

Putting aside the issue, the nethodol ogic issue, as
| researched this topic, it was clear that there were a

nunber of studies not reviewed in the docunent. One in
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particul ar, Checkaway, a study that was done in the Pacific
Nort hwest, there was a very interesting study that was funded
by HEI. | was kind of surprised it wasn’ t juxtaposed to the
Pet ers st udy.

This is a study of 362 sudden cardiac death or
cardiac arrest victinms or subjects, and it is a case
crossover study where they | ooked at PM content on the day of
their arrest versus a matched day within a relatively short
wi ndow and found no effect of PM concentration on the
i nci dence of sudden cardi ac deat h.

In addition, the study by Brewer actually |ooked at
a group of patients with prime obstructive pul nonary di sease,

monitored 24-hour heart rate variability at the tinme of

personal .. .| am sorry, I am not famliar wth the
term nol ogy...individual nonitoring device, actually have
their PM exposure, and found, agai n, no significant

correlation between heart rate variability changes and PM
exposure. That particular study evaluated individuals on
seven separate occasions yet did not discover any association
bet ween heart rate variability and PM

There are a nunber of studies that have been
di scussed that denonstrate no effect on heart rate
variability. There is even one study which, | believe, has
been around for a while and talked about that actually
denonstrates a beneficial effect. Herat rate variability
goes up. T wave alternating, which is another neasure of

t hat phenonenon, decreases. Both are a sign of inproved
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cardi ovascul ar fitness, if you will, as opposed to worsening
cardi ovascul ar fitness.

And, finally, in several of the studies, wthin
their owmn data, there are conflicting results. Par anet er s,
two different paraneters that should be very highly
correlated in disagreenent, heart rate changes in opposite
direction to heart rate variability which, again, usually are
very tightly correl ated.

So, | would just conclude by urging the conmmttee
to look at this data very carefully and very critically
before drawi ng concl usi ons about cardiovascul ar effects that
m ght play a role in enhanced nortality.

Thank you.

DR. HOPKE: Any qui ck questions?

(No response.)

DR. HOPKE: kay, our next speaker, then,
is going to be Dr. Jon Heuss, Air |nprovenent Resource.

DR,  HEUSS: Thank you. | reviewed the
draft CD for General Mdtors. There are several inportant
issues that we feel are ignored or downplayed in this third
draft, and these include issues that were raised in previous
public comments but also issues raised by CASAC and by EPA
staff itself. | will have sone conments on the epidem ol ogy,
dosi netry, and exposure.

W already raised the issue that nultiple studies

of the sane city do not produce the sane result and provided
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numer ous exanples in public conment. This is still a mjor
issue related to nodel selection

The third draft indicates, and this is quoting, the
fundanmental issue essentially subsunming all other nodeling
issues is the selection of an appropriate statistical nodel
Further, the basic issue is that there are an extrenely |arge
nunber of possible nodels any one of which may turn out to
give the best statistical fit for a given set of data.

The practical ramfication of all this is that
multiple studies of the sanme city do not produce the sane
result as to the pollutant or pollutants which are inplicated
or even to health endpoints affected. Thi s inconsistency
should present a severe inpedinent to using the data for
policy decisions. The third draft downplays this issue.

After the GAM issues are resolved, we think the
Agency should confront this issue head on, not sweep it under
the rug as is done in the third draft.

In discussing the chronic nortality studies a year
ago, EPA staff raised this issue of heterogeneity in the ASC
study. Fine PM had a negative association with nortality in
the West when the data was aggregated anong the four western
NMVAPS regions. Now, in the HElI reanalysis, sulfate is also
reported to have a negative association in the sanme western
ar eas.

Even though EPA staff brought this issue up a year
ago, the third draft is silent on it. W think it is

inmportant to follow up this difference with the updated ACS
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dat a.

It addressed the question of whether the ACS
associ ations are causal and universally applicable. Wth the
anal yses available today where you have several positive
studies and several negative studies wth evidence of
het erogeneity in the nmgjor positive study, one conclusion we
think should be put on the table is that high nortality
associations are either not causal or are not wuniversally
applicable because of differences in PM conposition or
| ong-term cohort effects.

Turning to dosinmetry next, when CASAC reviewed the
second draft, the commttee concluded that the chapter on
dosi metry provided extensive discussion of dosinetry nodels,
but, quote, there was no effort to use this know edge to
connect information on exposure, dose, and health effects
suggested by tox or epi.

The commttee went on to indicate the connections
could be greatly inproved by providing exanples of the
magni tude of the positive and retai ned doses and pointed out
this information is «critical to setting the stage for
eval uating how the tox information mght apply to these epi
observati ons.

However, the third draft contains no such exanpl es.
W think it should. For exanple, Snipes, Janmes, and Jarabek
use the ICR FEMA dosinetry nodel. They | ooked at several
di fferent regi ons, focusing on the Al or al veol ar

interstitial region, and when they expressed the retained
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doses on what | would call an effect related netric, that is,
the dose per square centineter of lung surface per day, it
came out extrenely low, in the range of 0.18 to 0.025 ng. In
addition, Snipes, et al concluded that there is no clear
dosinetric notivation for the use of the fine PMfraction in
relation to the positive or retained dose.

Last year, Dr. Yaro Vostal presented his extension
of the Snipes analysis to CASAC. He showed that the rel evant
doses for fine PM conponents are even lower, as you m ght
expect. Things like sulfate or elenmental carbon, things like
this, are down to a fraction of a picogram per wunit of
surface.

For things |like the toxic netals which are
suggest ed as perhaps the nost probable cause of fine particle
toxicity, the 24-hour deposits are extrenely low, not
exceeding tens of fentograns. When | first |ooked at this a

year or so ago, | had to figure out what a femogramis. It

is 10-50 gram

W think exanples such as this need to be added to
Chapter 6. They provide a needed |ink between toxicol ogy and
epi deni ol ogy. The low levels are constrained on any
explanations for the nechanism by which PM nay cause or
aggravate health effects.

Turning to exposure, | pointed out a year ago that
it is a mjor error for EPA to assune that exposure to PM of
anbient origin is independent of exposure to PM of indoor

origin. The third draft still dismsses confounding by
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i ndoor pollutants by arguing that daily activities are
i ndependent of weather by analyses that start by assum ng
i ndependence and by analyses of the Peking data which is
atypi cal .

Daily activities with emssions that lead to both
indoor and outdoor PM are, to a first approxination,
i ndependent of weather, but daily changes in weather drive
out door pollutant concentrations, and they also influence air
exchange rates that determine the exposure to indoor
pol | ut ant sources. In naturally ventilated buildings where
peopl e spend the bulk of their tinme, weather affects the air
exchange through w nd-driven and tenperature-driven pressure
di fferences.

The air exchange from w nd-driven pressure
di ff erences is essentially first or der wi nd speed.
Tenperature differences across the building shell induce a
density difference that results in a pressure difference, and
the conbined pressure differences from these two sources
determines the flow through openings and, hence, the air
exchange rate.

Plus, reductions in wind speed, wth everything
el se constant, wil | both increase anbient | evel s  of
pollutants and reduce air exchange, thereby i ncreasing
exposure to indoor air pollutants.

Now, ambient tenperatures and w nd speeds vary
di urnal ly. They vary from day to day and seasonally. So,

the mix of this wind and tenperature-driven ventilation wll
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vary. Therefore, the degree of potential confounding by
i ndoor sources will also vary.

However, to be straightforward, to sinmulate this by
i nki ng the outdoor dispersion nodels that EPA has with EPA s
i ndoor nodel using standard equations from the heating and
ventilation conmunity. In addition, EPA has gathered an
18-nmonth data set that could be utilized to analyze this
i ssue.

Now, instead of acknowl edging the potential |ink
and examining it, the third draft ignores it, persistently
arguing that exposures to indoor and outdoor-generated
pollution are independent. Wile this nakes it easy to deal
with the issue, dismss the confounding and dismss any
measurenent error inplications from it, it is not sound
sci ence.

The suggestion that anbient concentrations of
gaseous pollutants serve as surrogates of personal exposure
to particles rather than confounders is based on a fairly
smal | sanple of data. It ignores a substantial body of
studies in the literature. This is docunented in an appendi x
to the comments of the Alliance of Autonobile Mnufacturers

comments on Chapter 5.
For each of the gases, ozone, CO and NO , there

are studies that report correlation of personal exposures
with fixed nonitor data. These range from in sonme cases,
not significant to weak to noderate, but they exist, and

simlar correlations exist for PM The PM docunent covers
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those. It should al so cover these for gases.

Potential confounding by gases cannot be disni ssed
at this point, and another conclusion you draw fromthis is
that there are significant measurenment error issues related
to the use of fixed nonitor data for all of the criteria
pol | ut ants.

There are sone mnor issues, but we still think
important, in Chapter 5. A couple of these have al ready been
nmenti oned by others. The spatial variability docunented in
Chapter 3 provides substantially nore potential for exposure
m scl assification than Chapter 5 indicates.

The discussion of rnmeasurenent error omts an
i mportant contribution Dr. Chock presented to you last July
denonstrating neasurenent error of PM in the absence of a
t hr eshol d.

W would also raise the issue of nitrate
volatilization indoors. It is acknow edged in the CD on page
947. There are several papers both in the CD and ot hers that
are in the literature, not in the CD, that denonstrate this,
and its inplications should be di scussed.

Finally, biology or bioaerosols need to be included
in Chapter 5. In Chapter 9, it is indicated that they are
i ndeed, anong the candidates, so they should be included in
Chapter 5, too.

Lastly, we are concerned that t he recent
time-series studies, once they are resolved, will still |eave

addi ti onal nopdel selection issues. In addition, we have
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poi nted out problens with interpretation of chronic studies.
| mportantly, we think dosinetry nodeling needs to be added to
the chapter and discussed in both 6 and 9, and we think the
Agency should reexanmne the exposure material that s
rel evant to understanding the epi after the reanalysis of the
affected tine-series studies. This would include the NWMVAPS
studies that look at all the pollutants.

So, we don’t think it is appropriate to close on
Chapter 6 or Chapter 5 until after that is done.

Finally, confounding by outdoor gases and indoor

pollutants, | think, are still inportant issues, and the CD
dism sses these based on either false or inconplete
argunment s. So, in essence, we think Chapter 9 nust be

extensively revised to address these issues.
Thank you.
DR. HOPKE: Questions?
(No response.)
DR. HOPKE: Al right. W need to nmake a
coupl e of decisions. We...
SPEAKER:. W are going to finish the rest
before we finish today?
DR. HOPKE: Vell, let’s decide. | mean
we could do one or two nore. Two nore would finish off the
comments, and we wouldn’ t have to do it in the norning. I

would like, in any case, to start tonorrow 15 mnutes earlier

to give us a little extra tinme for discussion. So, would
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people be willing to stay here for another 20 m nutes and get
the last two done? Yes? Al right.
MR FLAAK Let ne also identify the

di nner arrangenents so you are aware of those.
DR. HOPKE: Right.

MR FLAAK: D nner reservations are for
6:15. There is a van outside. W can take you all directly
to the restaurant. If there is enough tinme, we could sw ng
by the hotel first, but if we do the two presentations, there
probabl y woul dn’t be.

DR. HOPKE: Ckay.

MR. FLAAK: And there is room for a few
additional folks to join us if you wsh. So, anyone who

wi shes to join us, let me know.

DR. HOPKE: Al right. So, let’ s get

these | ast two done and be finished with public coments, and
then we can start fresh in the norning discussing where we
go.

So, our next speaker, then, is going to be Dr.
Mool gavkar, and then we wll finish up wth Dr. Geen.
Thanks for being flexible.

DR. MOCOL GAVKAR: I would like to
apol ogi ze for holding you hostage |onger this afternoon than
| was supposed to, and I wll not do that again, and Dr.
Hopke will not allow nme to do that again.

| just want to nmake a few coments about both the
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time-series studies and the |ong-term ACS study. Here is the
chronology of PM neta analysis in the last two years. The
first original neta analyses wusing classical techniques

estimate an approxi mately 1 percent increase in nortality for
a 10 Fg/m3 increase in PM PMg, that is.

Then, the first NMMVAPS anal yses, hierarchical Bayes
using GAM in the first stage, found...estinated about a 0.4
percent increase in nortality. Now, using hierarchical Bayes
and GAM in the first stage with the revised convergence

criteria decreased that to 0.27 percent increase in nortality
for 10 Fg/md increase in PMg fromthe previous data.

A hierarchical Bayes using natural splines in the
first stage using GAM nodels then resulted in an estinmate of
0.22 percent increase in nortality, and as | showed earlier
today, if you use hierarchical Bayes, using a flat priors,

natural splines in the first stage, with the two outliers
renoved, the increase in nortality is 0.12 percent per 10 F
g/ m increase in PMig. So, you can see the steady decline in

these estimates from the first one which, of course, the
authors of the first one swore by as well.

So, it is clear that we are chasing snmaller and
smaller nunbers wth nore and nore statistical...nore
conplicated statistical technol ogy.

Let’'s ook at the results of the long- term studies.
VWhat is inportant for wus in the ACS Il study is the

sensitivity analysis conducted by Krewski and colleagues,
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and, for sone reason, everybody ignores the fact that the

single pollutant that was nbst strongly associated wth
nortality in that study is sulfur dioxide. It is not PWM 5,

it is not sulfate; it is sulfur dioxide. There are no two
ways about it. When sulfur dioxide and one of the
particulate netrics is entered jointly into the analysis, the
sul fur dioxide coefficient is the one that survives and is
significant.

Now, what is the explanation for this finding? I
don’t know, and | don’ t think anybody else knows what the
expl anation is. Clearly, sulfur dioxide is a surrogate for
sonme conplex pollution mxture, but sois PM and that is the
way all the results of these studies should be treated. And
it is the fact that one should try to find an explanation for
this fact. It should not be ignored or swept under the rug.

Now, Pope, et al the 2002 study is often given as
an exanple of...it is often quoted as an update on the HEI
anal ysis, but this study sinply does not address the issue of
sul fur dioxide at all. It sinply punts that issue by not
reporting on any joint analysis, though it does say that
oxi des of sul phur separately are significant in analyses of
t hese dat a.

There is another problem that has been nagging ne
for quite a while with the Krewski study, and that is the

fairly strong association noted in the 63 studies between

cancers other than lung cancer and PM = 5 . Now, this
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association is stronger than the association of P g5 wth

lung cancer, and it is highly biologically, it seenms to ne,
i npl ausible, and it suggests to nme that despite the care
taken in this study to adjust confounding, that confounding,
resi dual confounding, mght still be an issue in this study.

Here is ny final slide. | think the issue of
residual confounding is extrenmely inportant in operational
studies such as air pollution studies, particularly when the
estimated risks or benefits are small. And | think there are
a couple of contenporary exanples that dramatically
illustrate this point.

The first would be the exanple of beta-carotene and
lung cancer and heart disease. Many observational studies
show or seem to indicate that beta-carotene was associ ated
with protection against lung cancer and heart disease, and
there is a perfectly good biological explanation for this
because beta-carotene...so, there is a perfectly plausible
expl anation for beta-carotene being protective against heart
di sease and cancer, because it is an antioxidant, but when a
rigorous clinical trial, random zed clinical trial, was done
to test this hypothesis, the only way, the only way to
provi de any ki nd of resi dual conf oundi ng in t he
epi dem ol ogi cal study, exactly the opposite was found.

The same thing turned out to be true for hornone
repl acenent therapy and heart disease. This, of course, has
hit the news recently, so everybody nust be famliar wth

this exanpl e.
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And | think it is about time that t he
epi denmi ol ogi sts recognize the limtations of our discipline,
because no amount of fancy statistical technology can
overcone the inherent deficiencies of observational data,
particularly when we are chasing very small risks.

And | think I must stop there. Thank you.

DR.  HOPKE: Thank you. Any quick
questions for Dr. Mol gavkar?

DR BURNETT: | just want to reassure
Suresh that the Health Effects Institute has very kindly
sponsored us for another two years to hammer the ACS data,
and all and nore of those concerns will be addressed as best
as possi bl e.

DR HOPKE: Good. Al right, our next
speaker is Dr. Laura G een.

DR.  GREEN: Thank you very nmuch. Thank
you very much to the commttee and to the Agency for allow ng
me to spend a few nonents with you, especially since all you
probably want to do is get out of this room and go to the
bat hroom but | do appreciate nuch nore generally and broadly
the incredibly difficult job that the Agency has and that the
commttee has in grappling with these issues.

As Professor Mool gavkar said, epidemology that is
observational and that presents weak effects can only go so
far. | am a toxicologist and a chemst by training, so |

would |ike to address the toxicologic aspects of this
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guestion of whether and to what extent PM affects public
heal t h. In particular, | would like to try to give a few
constructive suggestions for the inprovenent of the Criteria
Docunent, in particular, Chapter 7 on toxicology and Chapter
9 on causation or integrative synthesis.

Briefly, my thesis, of course, is that toxicology
is an inportant part of this puzzle. Wy ? Because the
observati onal epidem ol ogical studies, by definition, are not
experinmental, random zed, doubl e bl i nd, or pl acebo
controlled. Now, that can’t be, of course. | nean, you can’t
make people nmove to, you know, Schenectady and sonme to
Pittsburgh and sonme to Wchita, so you are stuck with that.

Nonet hel ess, of course, because the relative risk
estimates are small, perhaps getting smaller all the tine,
perhaps not, there has to be sonmething to sort of pick up the
slack. Traditionally and in the mnds of still nmany people,
there is a disconnect, a discontinuity, a difference of
opinion, if you will, between what the epidem ol ogic studies
suggest and what toxicologic and clinical observations have
suggested with respect to noderate |evel exposures to
particul ate matter.

So, it seenms to nme that, fundanentally, what the
Criteria Docunment for particulate matter nust do is address,
very seriously and explicitly, the $64,000 question, do
current concentrations, things that one could be regulating
tomorrow and in the future, do current concentrations of

particulate matter, however defined in air in the United
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States, cause disease and death in such a way that |owering

them..do we believe, and, if so, on what basis, that taking

a city’s annual average PM level, PM 1§, let’s say, levels

down from 16 F g/ m3 to 14, do we believe that that will
i nprove public health, and, if so, how and in what way?

| would like to just quote briefly from a draft
docunent that won’t be finalized until this autum. It is
sort of the Dutch equivalent of the Criteria Docunent for
particulate matter, the Netherlands Aerosol Program On
particulate, it wites:

From the standpoint of dose, there appears to be
little coherence between the epidemologic and toxicologic
st udi es. Wiile the former show association of increased
nortality and norbidity with acute exposure to PM at anbient
concentrations below the current standards, the latter show
associ ati ons of biological responses with PM at nosphere, both
concentrated anbient PM and PM surrogates, only at orders of
magni tude higher than anbient |evels. A nunber  of
toxicologic studies wth concentrated anbient particulate
matter have shown no obvious relationship between exposure
concentration and response.

Now, this is old news to many people in the room
here, | am sure, but it seenms to nme also still startling
news. I nmean, if there is no obvious association between
exposure and response, then what is the basis for presumng

t hat reduci ng exposures slightly by enforcing NAAQS for PMis
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going to, in fact, inprove response?

Let’s look, if we may, for just a nonent on what |
think the concentrated anbient particle studies in the |ab
have shown so far. I think we would all agree that CAPs
studies are a trenendous inprovenent in this area, and | have
the greatest respect and, in fact, awe for people who try to
do this work, because this is phenonenonally difficult work
in the | aboratory.

So far, wth one exception, a report that was
presented at a neeting in 1996 but could not be replicated by
the investigators thenselves and was never published in the
peer reviewed literature, with that one exception, so far,
CAPs, or concentrated air particles, don’t kill animals. That
is sort of unfortunate if you are a toxicologist. You know,
if you are a toxicologist, and you believe that anbient PM
kills people, concentrated anbient PM ought to kill Iab
ani mal s. So far, that has not been possible to show, and
that is sort of disappointing if you are an experinentali st.

Second, none of the inhaled CAP exposures that, at
| east, were reviewed in the draft Criteria Docunent...and, of
course, there aren’t that many studies, because this is still
very hard stuff to do...none of those studies appear to have
seriously affected <either healthy or even conprom sed
| aboratory animals, various rodent nodels, a dog nodel, and
many of the slight effects that have been observed appear to
be reversible wi thin about a day.

Very inportantly, | think, sone of the noted
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changes such as recruitnment of neutrophils are, of course
the normal and appropriate response of the i mune system

And, | think, nuch nore inportantly, the Ilate
Prof essor G enn Cass and his colleagues, Dr. Ann MG Il and

ot hers, have shown for years now that one of the very
inmportant fractions of PM PWMy (o , is biological

particular, if you |look at protein levels in air, even in Los

Angel es, not a place known for the natural world anynore,

even in Los Angeles, PMjy g 1is about...anbient air contains

about 1 to 6 Fg/m3 of total extractable protein. Al of that
isin the PMg fraction, by the way, and sonme of it is in the

PMb 5 fraction.

Now, ask yourself the question, if you are
concentrating air particles off of Huntington Avenue in

Boston by 30 fold, you are also, by definition, concentrating

what ever proteins, |ipopolysaccharides, and other inportant
macronol ecules are in that fine fraction. Now, sone, of
course, will be in the coarse fraction, but sone are in the

fine fraction, as has been shown by nany peopl e.

And, by the way, virtually none of this literature
is reviewed in the Criteria Docunent, unfortunately, and |
have provided, electronically to EPA by email and, | think
to the comrittee by email, a list of specific references in
the peer reviewed literature that speak to this issue that |
t hi nk should be included in the Criteria Docunent.

But ask yourself the question, if you are
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concentrating anbient particles 30 fold and you are also
concentrating all of these antigens and nacronol ecules 30
fold and you see an inflanmatory response, what do you think
it is due to? Right?

Yet, when you look in the |aboratory, it saddens ne
to see that the CAPs investigators, to a nman...and wonan, |
suppose...to a man, only analyze for M You see these
reports of the analysis of CAPs, and what do you see? You
see organic carbon. That is supposed to be a representation

of, if you think about it, probably thousands of different

t hings, proteins, |ipopolysaccharides, seni-volatile organic
compounds, man- nade stuff, nat ur al stuff, anti gens,
non- anti gens. It is very sad to nme that Professor Cass’

t houghts haven’'t really sort of translated into this CAPs
field, at |east yet, unless | am m ssing sonething.

So, | would suggest that when the Chapter 7 of the
Criteria Docunment is reviewing the CAPs study and repeatedly
noting information, there should be at |east sone discussion
as to what that mght nean, why you mght get information
from CAPs.

kay, finally, as was talked about nuch nore
el oquently and know edgeably by Dr. Vendetti who, | guess,
had to | eave, Chapter 7 reviews responses of various aninal
nodel s of cardiopul nonary disease and their responses to
CAPs. It is very clear that these nodels are very, very
difficult to work wth. It also seens clear, from Dr.

Vendetti’s comments, that the responses seen to date either
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don’t have clinical significance or seem to be inconsistent
or, in any event, do not provide what the docunent calls
bi ol ogical plausibility. | think that is a stretch, at best,
and really does not represent what cardiologists or
t oxi col ogi sts woul d say about those dat a.

Ckay, two nore slides. | want to spend just a
nmonment on the question of whether particulate matter causes
chronic effects. It is startling to me that in a toxicology
chapter, Chapter 7, that reviews sone 300 studies, there are
only 3 on long-term effects, 3, and none of those give an
indication that noderate levels of PM are harnful over the
| ong term

There doesn’'t seemto be any attenpt to ask whether
the toxicology on chronic effects is supportive of
observations or not.

Wth respect to observations epidemologically, I
think there are two things to say. There have been nany
t hi ngs said, of course, about the Pope, et al studies and the
update in the JAVA article, but | would just like to nention
two. The first is that, as Professor Vedal and others have
pointed out really many years ago now, to call these studies
| ong-term exposure studies and evidence of long-term effects
is really to put an interpretation on themthat is really not
justified.

These are, of course, between city studies. They
are not necessarily long-term studies. They are not

necessarily long-term effects, even though people live in
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cities for a long term

Second, | just want to highlight what has al so been
nmenti oned before but to give you sone nunbers. Nowhere in
that JAMA 2002 Pope article can you find the fact that 64
percent of men in that cohort and 55 percent of wonen in that
cohort have some education beyond high school. And for al
of those nen and wonen, there appears to be no PM effect at
all. The best estimate of effect for lung cancer nortality,
all -cause nortality, cardiopulnmonary nortality, and all other
cause nortality, all four nortality estinates, the odds ratio
is 1.0 of the best estimte.

Now, of course, the confidence intervals overlap
the confidence intervals for everything el se. Nonetheless, |
think it is probably fair to say that virtually everyone in
this room has sonme education beyond high school, which neans
the Pope, et al study suggests that for everyone in this
room there is no PMeffect at all.

Final slide, please. So, you know, it suggests
that maybe we should be building a lot nobre comunity
col | eges.

| have four suggestions, please, on how | think
Chapters 7 and 9 of the draft Criteria Docunment mght be
i mproved. First, frankly, Chapter 7 doesn’ t look Ilike
t oxi col ogy chapter to ne. If you look at another Federal
agency, the ATSDR which, of course, has been creating
toxicologic profiles for a long tine, they provided |ots of

useful information, none of which is in Chapter 7.

a
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And | don’'t nmean to be hypercritical here. Woever

worked on Chapter 7 had a lot of work to do, and it was,

obviously, and enornmous anount of work. There are 300
studies. It is a lot to do.

Yet, what do you do as a toxicologist? Wll, you
| ook for NCELs and LCELs. There isn't a single nention. |It’s

not even in the glossary. You can’t even find these terns in
the gl ossary of the CD

ATSDR, for its tox profiles, always plots up NOCELs
and LOELs, differentiates effects as serious and |ess
serious, provides you with pictures as well as tables so that
you can see by eye, on a log scale, where the LOELs are
where the NCELs are, and where anbient |evels are.

It is conpletely mssing from Chapter 7. | w sh
that all the hard work that went into Chapter 7...a lot of it
didn’t have to be done. You didn’ t have to review all that
stuff and wite it down. You just had to think about it
guantitatively and summarize it in a wuseful way, and,
unfortunately, that hasn’t been done, and | think it is a
great shanme, and | hope it can be done now. So, just open
up an ATSDR tox profile and copy the format, and | think it
will be a vastly better chapter. | know, easier said than
done.

Second, | think there needs to be explicit
di scussion in Chapter 9 as to whether the toxicologic data
presented in Chapter 7 do or do not provide direct evidence

for specific norbidity and nortality associations seen in the
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observational epidemologic literature.

Pl ease do not continue to use the phrase bi ol ogi cal
plausibility. | nean, that is just hooey. O course, it is
biologically plausible. | nmean, anything in air that is not
either inert or oxygen biologically plausibly is bad for you.
| nmean, duh, you don't need toxicology for that.

What you need toxicology for is, to an experinental
situation, expose aninmals or human volunteers over the short
termto graded exposures to PM of various kinds and see what
happens. That is what you need toxicology to do, not to
provi de biol ogical plausibility.

There was a l|lot of biological plausibility that
hornone replacenent therapy could save wonen from heart
di sease. Bad news on that one.

kay, finally, | think there needs to be nuch nore
enphasi s on even the very best epiden ol ogy studies, the case
crossover studies that Dr. Schwartz spoke about before.
Those are a trenendous inprovenent in design. But they are
still mssing a tremendous nunber of things.

If you look nore broadly on the epiden ology on
myocardi al infarction and why M rates vary from day to day,
you find a whole wealth of things that are not neasured in
t hese studies. In Stockholm for exanple, there is a mjjor
St ockhol m heart epidem ology study, Dr. Jeda Mla and her
col | eagues, and what she finds...it is what your nother
al ways told your father when they are arguing, you know, be

gquiet, Sam you are going to give yourself a coronary.
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Right? She finds that anger is a trenendous inportant risk
factor for myocardial infarction, 15-fold elevated risk for
M if you have experienced extrenme anger wthin one hour
before that M, 15 fold.

Now, if these case crossover studies that Professor
Schwartz and others <conduct...and they are incredibly
el egant . | am awed by the statistical power in this room
frankly, and | teach at MT. This is an inpressive group of
statisticians here working for the Agency and wth the
Agency. But how are you going to control for confounders you
haven’t measured?

If, in doing these studies, you don” t know who is
angry, you don’t know who is anxious, you don’ t know who is
stressed, and you think there mght be sonme correlations
between those things and fluctuations in PM then all the
models in the world can’ t turn bad apples into good
appl esauce.

| am sorry | have gone too |ong. Il wll stop.

Thank you.

DR. HOPKE: (Ckay, thank you. Petros?

DR. KOUTRAKI S: Can | say sonething here?
First, the concentrator concentrates particles..

SPEAKER: They can’t hear you, Petros.

DR. KOUTRAKI S: The concentrat or

concentrates particles below 1.2 or sonething like that down

to 0.1. Most of the biological material is in the coarse
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fraction, and...

DR GREEN: That is not true.

DR,  KOUTRAKI S: Wll, that is your
opinion, and this is ny opinion.
DR. GREEN: No, no, no. | provide..

DR.  MCCLELLAN: Petros, has it been
measur ed?

DR KOUTRAKI S: Yes. At the beginning,
we started neasuring, and, also, we nmeasured endotoxin which
is nore inportant, and we never found endotoxin. That is one
guestion, clarification.

Next, as a scientist now and also with CASAC, | am
kind of tired of comng here or elsewhere and have these
smart consultants, they understand everything, and the bunch
of us, we have no clue what we are doing. So, | would
suggest that all these consultants go and apply for a grant
to NIHS or EPA and do the research and explain to us what is
happeni ng, because in the |aboratory, repeatedly, we can

reproduce health effects using concentrated particles. kay?

Usi ng ROFA.

SPEAKER: I’ m sorry, did you say can or
cannot ?

DR.  KOUTRAKI S: W can, we can. Ckay?
So, we seem to be very confused, so we wll appreciate, you

know, you to participate and rule out this hypothesis,

because we do find effects all the tine.
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DR. CGREEN. Can | say sonething or no?

DR. HOPKE: Quickly.

DR,  CGREEN: Ckay. First, | guess | am
getting the brunt for you consultants, and that is the
probl em wi th being | ast.

There are a | ot of publ i shed dat a on
|'i popol ysaccharide and protein content of PM g and | ower, so
endotoxin is one thing, but there is a whole world of
macr onol ecul es.

Second, | neant what | said, that | have the
greatest respect, and | nean that, for everyone working in
this field. Wat | think is inportant, though, is that what
people are doing in this field, I think, is finding effects
maybe for sone fractions of PM and not others. Maybe the
reason there is no dose- response yet is that people haven’ t
| ooked at macronol ecules, they haven’ t |ooked at antigens,
t hey haven’t done what Dr. Ann McG Il has done, for exanple

what she was doing with @ enn Cass on road dust in L.A, and

maybe, i f people started | ooki ng nor e br oadl y at
bi ochemi cal s, for exanpl e, at t hi ngs t hat recruit
cytokines...|l nean, the neutrophils, you know, the inmune

system was around a long tine before the industria
revol ution.

My hope, which I think is the same as yours...|
hope it is the same as yours...is to try to understand what

causal fractions of air pollution...you know, what about air
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pollution is worth controlling, and | fear that if we keep
pretendi ng that we understand this better than we do and t hat
because ROFA, for exanple, which is full of nmetals, causes

effect, therefore, all PM causes effects..
DR, KOUTRAKIS: | did not say that.
DR. GREEN: No, but that...

DR, KOUTRAKI S: That is not the argunent
for ROFA.

DR. HOPKE: Well, anyway, | think we are
getting far afield here. So, | think, let’s call it a day..

DR LIOY: You make a point about the
i ssue of education. | am not sure where you were going wth
t hat .

One of the things that | worry about is the fact
that environnmental justice and environnental equity are two
very major concerns in this country, and what it seens to ne
is that this study is saying that not as a nodifier, but
maybe this is where the populations at risk are, and maybe we
should |ooking for attention to exposure and also health
effects studies on that popul ation.

| just am not sure what you were driving at.

DR. GREEN. There are two various ways to
t hi nk about the education thing, very different. The first
is the one you are inplying. The second, let ne tell you
what | was inplying. The problem with the Pope, et al

study...and it 1is going to get worse as nore and nore
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followup goes...is, as you nmay know, the risk factor data
were gathered only once by one four-page questionnaire in
1982, and now, there are up to 16 years of followup, and
there is even nore, | suppose, ongoing.

Now, ask yourself the question, which group of
people is nore likely to quit snoking? Focus now on the
people in 1982. You have a bunch of Ph.D.s who are still
snoki ng cigarettes, and a bunch of people who didn’t conplete
the 9th grade snoking cigarettes. Up to 16 years pass. Sone
of them die. Which group is nore likely to contain fornmer
snokers who, in the 1980s and 1990s, give up snoking, the
Ph.D.s or the high school dropouts?

Now, | fear that, because we don’t have information
about all these other risk factors, who devel ops diabetes
over those 16 years, who devel ops high blood pressure not to
mention snoking, that what is mssing from the nodels and
what Dr. Pope and Thurston and all the other very brilliant
statisticians can’t make up for, cannot nmake up for, is that
m ssing i nformation.

Now, your hypothesis which, | think, is also
interesting and potentially correct, part or in whole, is
well, the smart people stay inside around like this, and the
people who only got eighth grade education are out working
construction. So, they are the ones bei ng exposed.

| have got to tell you when you | ook, for exanple,
at New York City, all right, look at who runs the New York

City Marathon, look at who walks to work, |ook at where the
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hi ghest PM Il evels are. They are at 57th and Lex.

| submit to you that smart, highly educated, rich
peopl e are being exposed to roughly the sane kinds of outdoor
at nrosphere as people who work in construction, not entirely.

So, | think it is conplicated.

DR LI OY: W can have a discussion of

that sonme other time. | amgoing to dinner
DR. HOPKE: Yes, well, I think it is tine
to quit. My only comrent is to Lucas, that if we are going

to be able to adequately flog the Agency, we have got to have

a bigger stick.

SPEAKER: But you are doing all right.

DR. HOPKE: Can we | eave t he
wei ght-lifting kick here tonight?

MR. FLAAK: Yeah, you should be able to
| eave the books and materials here, certainly not val uabl es.

(WHEREUPON, the Meeting was recessed at 4:33 p.m, pursuant

to reconvening on Friday, July 19th, 2002 at 9:30 a.m)
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CAPTION

The Meeting in the matter, on the date, and at the time and

place set out on the title page hereof.

It was requested that the Meeting be taken by the reporter

and that the same be reduced to typewritten form.



